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ABSTRACT 
This study examined the influence of landscape features on stream nutrient concentrations within the 
Ichawaynochaway Creek watershed in southwestern Georgia. Baseflow concentrations of both dissolved 
(SRP, NO3, NH4) and total (TN, TP) nutrients were measured at 17 sampling sites monthly for a period of 
six months (July 2012 to January 2013). A long-term dataset (January 2008 to March 2012) was also 
analyzed for baseflow/stormflow comparisons of dissolved nutrient concentrations. Relationships 
among land-use, geology, soils, physiographic features and nutrients were analyzed at both the sub-
watershed and riparian corridor scales. SRP concentrations were lower and NO3 concentrations higher 
than reported in previous studies of the region. Due to dry conditions during the sampling period, 
nutrient input was likely limited to groundwater contributions and land-use effects were minimal. 
Trends among water quality variables varied between the upper and lower portions of the watershed, 
suggesting differences in nutrient transport pathways due to spatial variation. 
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INTRODUCTION 
The way humans manage land strongly influences water quality and the ecological condition of 
surface water bodies. Agriculture has altered the chemistry of surface waters and groundwater through 
irrigation withdrawals, land-use and land cover changes, and fertilizer use. High nutrient loads from 
agricultural lands (Allan, 2004; Johnson et al., 1997; Nearing et al., 1993; Correll et al., 1992) can 
adversely affect human health, aquatic life, and the aesthetic and recreational value of affected 
waterbodies (Dodds and Welch, 2000). Symptoms of nutrient over-enrichment (eutrophication) include 
increased primary production, oxygen depletion, and potential for toxic algal blooms (Dodds et al., 
2008). Considerable effort has focused on reversing these impacts by promoting management practices 
that reduce nutrient loads in agricultural watersheds (Sharpley et al., 1994).  
1.1 Study Purpose and Scope  
The main purpose of this study was to examine the influence of land-use patterns and physical 
landscape features on stream nutrient concentrations within the Ichawaynochaway Creek watershed in 
southwestern Georgia (Figure 1.1). Spatial heterogeneity in nutrient concentrations within a watershed 
can be influenced by land-use patterns, geology, soils and physiographic features at different spatial 
scales (Allan and Johnson, 1997). Potential relationships among land-use, geology, soils, physiographic 
features and nutrients were explored by measuring both dissolved and total nutrient concentrations 
across the watershed monthly for a period of six months during baseflow conditions. In addition, a long-
term dataset provided by the Jones Ecological Research Center Aquatic Ecology Lab was used to 
compare baseflow versus stormflow concentrations of dissolved nutrients. Analyses were conducted at 
both the sub-watershed and riparian corridor scales in order to determine the scale at which these 
variables were most likely to impact nutrient levels.  
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Data collection, analysis, and interpretation thus accounted for the following temporal and 
spatial factors that likely affect nutrient loading.  
 
Figure 0.1 Location of Ichawaynochaway watershed. 
 
1.1.1  Seasonal variation 
Nutrient concentrations may vary seasonally due to a variety of physical, biological and 
anthropogenic factors. Physical factors include seasonal variation in precipitation. In southwestern 
Georgia, winter is considered the “wet season” and precipitation is more frequent during winter 
months. Summer is drier, and rainfall events tend to be less frequent but of higher intensity. High 
intensity storms often transport a greater sediment load than winter storms with higher antecedent soil 
moisture levels and lower rainfall intensity (Evans, 2004). Biological factors include seasonal variation in 
riparian zone plant nutrient uptake and soil microbial activity, both of which increase during warmer 
months. Anthropogenic factors include fertilizer use and irrigation. Fertilizer use is highest during the 
growing season, thus resulting in a higher probability for nutrient transport from excess fertilizer input. 
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1.1.2  Hydrologic variation 
Stream hydrologic conditions include periods of baseflow that are supported by groundwater 
and storm events that contribute surface runoff. During baseflow conditions, stream nitrate (NO3) 
concentrations should be high due to inputs of NO3-rich groundwater (Allums et al., 2009). Storm events 
produce runoff and transport sediments from upland areas. Therefore, stream phosphorus (P, Table 1.1) 
concentrations should increase during storms due to mobilization of upland and streambed sediments 
(Mcdowell et al., 2004).  Concentrations of soluble reactive phosphorus (SRP) may or may not increase 
during these events depending on the P-binding capacity of entrained sediments (Mcdowell et al., 
2004).  Dissolved inorganic nitrogen (DIN) concentrations may either increase or decrease depending on 
the concentrations of NO3 and ammonium (NH4) in surface runoff (Peterson et al., 2001).   
Table 1.1 List of abbreviations and shorthand notation for nutrient terms. 
Term Abbreviation 
Soluble reactive phosphorus SRP 
Nitrate NO3 
Ammonium NH4 
Nitrogen N 
Phosphorus P 
Total nitrogen TN 
Total phosphorus TP 
Dissolved inorganic nitrogen DIN 
Dissolved organic nitrogen DON 
Total suspended solids TSS 
 
1.1.3  Spatial variation 
The Ichawaynochaway watershed transitions through different geologies, soils and 
geomorphologies.  The upper watershed near the headwaters is composed of sand and sandstone 
bedrock lithology that forms part of the Southeastern Coastal Plain aquifer system. The lower watershed 
is composed of Ocala limestone that constitutes the northern extent of the Floridan aquifer. Soils 
transition from mainly well drained soils formed in sandy and loamy sediments in the uplands to deep, 
well drained, moderately permeable soils that form in loamy and clayey sediments in the middle and 
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lower reaches (Blood and Phillips, 2001). The upper watershed near the headwaters is characterized by 
narrow channels, gradual sloping banks and broad, forested wetland floodplains. The intermediate part 
of the watershed consists of streams with sandy substrate and significant volumes of wood in the 
channel. The channel is bordered by bottomland forests of varying extent. The lower watershed is 
characterized by incised channels with rocky substrate, narrow floodplains, and karst features such as 
springs and fractures that contribute groundwater.  
Soil type and texture can impact nutrient transport to streams by affecting infiltration and 
particle mobility. Geomorphic features can also affect nutrient spiraling by dictating the residence time 
of water moving through a stream reach (Campana, 1996). Therefore nutrient responses to seasonal 
and hydrologic changes may vary within the watershed based on spatial patterns in soils, geology, 
landforms and geomorphologies that affect storage and transport. For example, elements such as 
geomorphic complexity of channels, diversity of riparian vegetation, presence of woody debris, and 
heterogeneity in stream hydraulics have all been found to enhance nutrient retention (Lamberti et al., 
1989). 
1.2 Background 
1.2.1 Land-use water-quality interactions 
Many studies point to the relationship between land-use and water quality. In agricultural 
watersheds, land-use is directly related to non point-source (NPS) pollution. NPS pollutants include 
pesticides (Kao, 2002), heavy metals (Dopico et al., 2009), bacterial pathogens (Doran, 1979), and 
nutrients such as nitrogen (N) and P from fertilized croplands (Turner and Rabalais, 2003; Jordan et al., 
1997). Tong and Chen (2002) used a watershed model and determined that agricultural and urban lands 
produced much higher levels of N and P than other land cover types. Forested and wetland areas 
generally retain NPS pollutants and are linked to better water quality.  
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Land-use impacts water quality differently at different spatial scales. Many studies have pointed 
to the importance of forests and wetlands in riparian zones, which serve as sources and sinks for 
nutrients (Muenz et al., 2006; Basnyat et al., 1999; Vought et al., 1995; Pinay, 1993; Lowrance, 1984; 
Schlosser and Karr, 1981). Johnes and Heathwaite (1997) constructed two models considering land-use 
for two watersheds: one in which they accounted for distance from stream and another in which they 
considered land-use as equally significant throughout the watershed. The model which incorporated a 
distance-decay function for land-use was determined to be the more accurate of the two. Sparovek et 
al. (2002) used land-use scenarios representative of southeast Brazil to calculate the optimal width of 
riparian buffers and to compare this optimal width to the federal Brazilian recommendation. The 
optimal width was calculated at 52m, as opposed to the official legal recommendation of 30m. Others 
such as Basnyat et al. (1999) and Maillard and Santos (2008) generated variable-width buffers to 
determine the appropriate width of the contributing zone, or area nearest to the stream with the 
greatest impact of land-use on water quality.  
Legacy (historic) land-use can also affect contemporary water quality, although identifying these 
linkages can be challenging (Allan, 2004). For example, soil P can remain high for long periods of time on 
fallow agricultural lands and contribute to NPS pollution even if fertilizer is no longer applied on the land 
(Gordon et al., 2008).  
1.3.2 Nutrient forms and measurements 
Nitrogen and phosphorus are the major nutrients of interest in agricultural runoff because the 
concentration, form and stoichiometry of these elements often influence the productivity of aquatic 
ecosystems (Cooper, 1993). Both nutrients can be separated into dissolved (<0.45μm) and particulate 
(>0.45 μm) fractions, and both fractions include an organic and inorganic form. Total concentrations (TN 
and TP) measure the sum of dissolved and particulate species.  
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Nitrogen exists in particulate organic (PON), dissolved organic (DON), and dissolved inorganic 
(DIN) forms. DIN is most readily available and is composed largely of NO3 and NH4.  Dissolved organic N 
is composed of many different forms that vary greatly in their bioavailability (Rabalais, 2002). 
Phosphorus can be found as particulate inorganic P (PIP), particulate organic P (POP), dissolved 
inorganic P (DIP) or dissolved organic P (DOP). DIP or SRP, which measures orthophosphate 
( , is directly available to primary producers, but it is not the only form that is 
biologically available. Biologically available P (BAP) is complex and does not always link directly to the 
above-defined categories, each of which contains both reactive and unreactive forms. BAP includes 
directly available P as well as P that can be transformed into an available form by natural processes such 
as desorption, dissolution or enzymatic degradation (Boström et al., 1988).  
Aquatic primary productivity can be limited either by N or P. Marine and estuarine systems are 
generally N limited. Freshwater systems such as streams and lakes are generally N limited if they are 
point-source dominated and P limited if they are nonpoint-source dominated (Thomann, 1987). Nutrient 
limitation is not always simply predicted and can vary temporally (Francoeur, 1999). For example, dry 
conditions in the summer can lead to P limitation due to low levels of surface runoff, and conversely, 
increased rainfall in the winter can lead to N limitation. In the Southeastern US, streamflow, 
evapotranspiration, and temperature variations are strongly seasonal (Benke et al., 2000). Within the 
current study area, low flow generally occurs during the summer and autumn and higher flow and 
flooding occur during winter and spring (Atkinson et al., 2009). 
Biological feedbacks can also affect nutrient limitation. For example, a P limited lake that 
receives an increase in P loading could shift into a temporary state of N limitation (Wetzel, 1975). 
However, because cyanobacteria can fix atmospheric N2, long-term shifts in species assemblage could 
return the system to P limitation. As a result, most eutrophication control efforts in freshwater have 
focused on controlling P (Sharpley, et al., 1994).  
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1.3.3 Nutrient transport and cycling 
All waterbodies receive nutrients from both natural and anthropogenic sources. Both N and P 
can enter naturally through the atmosphere and from leaf fall and other riparian inputs (McClain et al., 
1994; Meyer, 1979), and P can enter additionally through weathering of soil parent materials (Holtan et 
al., 1988) and river bank erosion (Walling et al., 2008). Anthropogenic sources are typically classified as 
either point sources, which discharge high concentrations from discrete locations (e.g., sewage outfalls), 
or non-point sources, which discharge nutrients as runoff during storm events or through groundwater 
input. A large percentage of total N inputs to fluvial ecosystems comes from groundwater enriched with 
N from agricultural sources (Schlesinger, 2008). Phosphorus loads from the landscape are generally 
controlled by the volume of runoff; therefore, rainfall is the primary driving force behind P transfer. Low 
intensity and high frequency rainfall results in P moving through subsurface flow or overland flow in 
saturated area, whereas high intensity and low frequency rainfall results in overland flow from saturated 
P-rich topsoil (Mcdowell, 2004). Despite the different flow patterns, P lost from low intensity rainfall 
events can be as important as that from high intensity events (Quinton et al., 2001). 
Once nutrients enter the stream, they are transported downstream and transformed through 
processes of uptake, transformation, and release that have collectively been termed nutrient spiraling 
(Webster et al., 1975; Newbold et al., 1981; Ensign and Doyle, 2006.) Nutrient transport is controlled by 
chemical, physical, and biological processes. Retention depends on the form of the nutrient that enters 
the stream, its reactivity and water residence time. Chemical processes include adsorption and 
desorption of dissolved nutrients to channel sediments. For N, NH4 sorption can be a significant 
retention process (Gücker and Boëchat, 2004.) Soluble reactive P adsorbs to alumino-silicates and metal 
oxides and hydroxides, principally of iron and aluminum (Withers and Jarvie, 2008). Nutrients can also 
diffuse out of the solid phase through desorption. Adsorption and desorption are influenced by 
conditions such as pH, redox, and particulate-organic matter complexes as well as the relative 
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concentrations of dissolved nutrients in solution versus particulate concentrations. Physical processes 
that affect transport in streams include advection and diffusion processes, which vary according to 
channel morphology and on seasonal and event time scales (Reddy et al., 1999). Advection can lead to 
mobilization of particulate nutrients and turbulence can increase the potential for sorption interactions. 
Biological controls of nutrient cycling include uptake by periphyton and phytoplankton, microorganisms, 
and macrophytes (Withers and Jarvie, 2008). Microbes contribute to P cycling through decomposition of 
dissolved, fine particulate and coarse particulate organic matter, both assimilating and releasing P as 
part of the process (Pusch et al., 1998).  
1.3 Hypotheses 
This study explored the following hypotheses with regards to total and dissolved N and P 
concentrations. Due to prevalent dry conditions during the study period, most analysis was confined to 
hypotheses related to baseflow conditions. N concentrations were analyzed to a greater extent than P 
concentrations due to lack of surface runoff and near detection level SRP concentrations. 
1.3.1 Total and dissolved nitrogen:  
1.3.1.1 Land-use vs. geology:  
Geology and soil type are better predictors than land-use of N patterns due to the importance of 
groundwater as a NO3 source to streams in the study area.  
1.3.1.2 Dissolved vs. total:  
Dissolved N, and NO3 in particular, is more closely correlated to geology and soil type than TN, 
due to the ability of NO3 to leach into soils and groundwater. TN includes particulate N and is therefore 
more closely associated with upland watershed characteristics such as land-use. 
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1.3.1.3 Temporal analysis:  
Nitrogen is more closely correlated to geology and soil type in base flow samples, especially 
during dry periods such as summer, when runoff levels are minimal. Higher rainfall in winter months is 
associated with higher levels of surface runoff and greater upland influence. 
1.3.2 Total and dissolved phosphorus: 
1.3.2.1 Land-use vs. geology:  
Land-use is a better predictor of P patterns since SRP is less mobile in soil and is typically 
transported in runoff. Agricultural land-use is positively correlated with P whereas forested and wetland 
land-use is not, either because they are not sources or because they act as sinks for nutrient transport. 
1.3.2.2 Dissolved vs. total:  
TP is more closely correlated to land-use than SRP, since most P that enters streams through 
runoff enters in particulate form (Shigaki et al., 2007). 
1.3.2.3 Scale:  
Land-use in the riparian corridor (defined here as 100m on either side of the stream) is more 
important in explaining P concentrations than land-use in the entire catchment area upslope from the 
stream. 
1.3.2.4 Presence of local drainage features:  
Land-use models which combine fine-scale features (such as the presence of ditches or other 
drainage features) with general, coarser land-use measurements result in stronger predictions of P 
concentrations. Features such as natural depressions and ephemeral streams, erosion gullies created by 
historic land-use, livestock access points, and actively maintained farm ditches can greatly reduce the 
buffering capacity of forested and wetland riparian corridors (Wenger, 1999).  
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1.4 Study region 
 The lower Flint River basin of southwest Georgia is a largely agricultural area which experienced 
agricultural intensification following the introduction of center-pivot irrigation in the 1970s. Between 
1976 and 1977 alone, irrigated acres increased from 130,000 to 261,000 (Pollard et al., 1978), and by 
1980, irrigated farmland increased to more than 452,000 acres in the Dougherty Plain (Pierce et al., 
1984). The major crops grown in this region are peanuts, corn and cotton. Of these, corn requires the 
greatest fertilizer input. Crops are planted as early as February and the growing season extends as late 
as October.  Farmers in the region regularly practice crop rotation among growing seasons in 
consecutive years. There are also several livestock operations which may affect stream water quality 
when cattle are left to graze up to the stream and increase erosion and sediment loading (Baker County 
Georgia NRCS Extension Office, personal communication, March 2, 2012.) 
Although this extensive agriculture presumably contributes high concentrations of nonpoint-
source pollutants, forested and wetland areas around the Ichawaynochaway Creek and its tributaries 
may act as vegetated buffers that attenuate surface runoff. The influence of these riparian buffers may 
be compromised in some locations, however, by the presence of intermittent drainage channels that 
route non-point source pollution from agricultural fields directly into the streams.  
Previous water-quality research in the region has found extremely low stream SRP levels and 
attributed this condition to the presence of extensive riparian buffers (Golladay and Battle, 2002). 
Nitrate and SRP pathways from agricultural fields to the streams differ: NO3 is contributed through 
constant groundwater inputs primarily in the lower part of the watershed while SRP likely transported 
by surface runoff during flood pulses. In the upper part of the watershed where groundwater pathways 
are limited, NO3 may enter predominantly through subsurface and surface flows. Due to the Karst 
topography present in the lower part of the Ichawaynochaway watershed and greater groundwater 
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contributions through natural springs, stream P concentrations are reduced through dilution with 
groundwater (Opsahl et al., 2003) while NO3 concentrations remain high (Golladay and Battle, 2002).  
The Ichawaynochaway watershed originates in the Fall Line Hills physiographic district but 
primarily drains a portion of the Dougherty Plain (Figure 1.2a). The major streams in this watershed are 
Ichawaynochaway Creek and its tributaries Chickasawhatchee Creek, Pachitla Creek, Little 
Ichawaynochaway Creek, and Big Cypress Creek (Figure 1.2b).  
Streams originate in forested and shrub wetlands and flow in an approximately southerly 
direction, traversing multiple soils, geologies, and aquifers (Figure 1.2c-d).  The upper part of the 
watershed overlies part of the Southeastern Coastal Plain aquifer system, and consists of sandstone and 
sand geologies. The lower part of the watershed overlies the Floridan aquifer and consists of limestone 
geology.  These transitions produce changes in stream geomorphology and groundwater connectivity. 
All streams flow into the Dougherty Plain, which is characterized by the mantled karst topography of the 
Ocala Limestone, a highly fractured and porous rock layer with high hydraulic conductivity (Golladay et 
al., 2002).  
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Limestone 
Sand 
Sandstone 
 
 
Southeastern Coastal Plain aquifer system 
Floridan aquifer system 
Figure 0.2 Descriptive maps of Ichawaynochaway watershed. a) Physiographic regions, b) Main channel 
and tributaries, c) Soils, d) Bedrock lithology, e) Aquifer systems. Maps created in ArcGIS 10.1 by author.
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1. METHODS 
2.1 Field Methods 
Seventeen sampling sites were established across the Ichawaynochaway watershed, including 
Ichawaynochaway Creek and its four major tributaries (Pachitla, Chickasawhatchee, Little 
Ichawaynochaway and Big Cypress Creek). Eight sites were located on the mainstem Ichawaynochaway 
Creek (IC1, IC2, IC3, IC4, IC5, IC6, IC7, IC8). Three sample sites were located on Pachitla Creek (PC1, PC2, 
PC3), four sites on Chickasawhatchee Creek (CC1, CC2, CC3, CC4), one on Little Ichawaynochaway (LIC), 
and one on Big Cypress Creek (BCC). Sample sites were numbered from upstream to downstream for 
each tributary (ex: IC1 for uppermost Ichawaynochaway Creek site, PC3 for lowermost Pachitla Creek 
site, Figure 2.1). Sampling points were selected based on channel morphology, soil type, land cover, and 
accessibility, as well as the presence of lakes, swamps, or confluences that may potentially affect 
downstream water chemistry. When possible, sites were selected above and below these features. Six 
of the sites were selected to coincide with USGS stream gages (02355350, 02353500, 02353265, 
02354500, 02354350, and 02353400, Figure 2.2). Samples were generally collected on a Monday, to 
allow time for one additional sampling day and for processing of dissolved nutrient forms within a 48-hr 
holding time. Sampling was conducted once a month from July 2012 to January 2013, excluding the 
months of August and December. This yielded five monthly water chemistry datasets for each site. No 
samples were collected from two sites (BCC and CC2), which were always dry when sampling occurred. 
Samples were only collected once at CC3 during the last sampling event because this site was also dry 
prior to this date. 
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Figure 1.1 Map of sampling sites and tributaries of Ichawaynochaway Creek. 
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Figure 1.2 Sampling sites located at USGS gages. IC4 corresponds to USGS gage 02353265, IC6 to 
02353500, IC7 to 02354800, PC2 to 02353400, CC1 to 02354350, and CC4 to 02354500. 
 
2.2 Sample Collection  
Seventeen 250-ml high-density polyethylene sample bottles were cleaned before each sampling 
event by soaking them overnight in deionized (DI) water three times, and thirty four 1L HDPE sample 
bottles were cleaned by acid-washing. All bottles were labeled with site name and date. Water samples 
were collected by a two-person crew using a peristaltic pump. In cases where sampling was done from 
the stream bank, pump tubing was tethered to a PVC pole and extended into the stream channel in 
order to avoid contamination with bank sediments or debris (Figure 2.3). One filtered and two unfiltered 
samples were collected at each site. For the unfiltered samples, water was pumped through the tubing 
for several seconds before rinsing and then filling both 1L bottles.  For the filtered sample, an in-line 
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0.45 µm membrane filter was attached to the outflow end of the tubing, stream water was pumped 
through the filter for several seconds, and the 250ml bottle was then rinsed and filled. All three 
collection bottles were then sealed in a plastic storage bag and placed on ice until returned to the 
laboratory, where they were then stored at 4oC. Upon arrival, one unfiltered sample from each site (to 
be used for TN and TP analysis) was acidified to a pH < 2 with reagent-grade sulfuric acid and labeled as 
acidified. At each sampling event, presence/absence of flow and weather conditions was also recorded 
on the field data sheet (Appendix A.1). 
 
Figure 1.3 Pump tubing tethered to PVC pole used to collect samples from stream bank. 
 
2.3 Laboratory Methods  
Filtered water samples were tested for SRP, NO3 and NH4 within 48 hours of sampling and 
unfiltered water samples were tested for TN, TP and total suspended solids (TSS) within 28 days of 
sampling in accordance with USEPA guidelines (USEPA, 2004). Soluble reactive P, NO3, and NH4 were 
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quantified using ion chromatography (IC). Soluble reactive P concentrations were also determined by 
colorimetric analysis using the ascorbic-acid method for greater accuracy (Broberg and Pettersson, 1988; 
Appendix B.1).  Values for the month of July only included IC SRP concentrations. Total N was 
determined in unfiltered samples through combustion-oxidation and chemiluminescent detection using 
a Shimadzu TOC-TN analyzer. Total P was determined by persulfate digestion using a microwave 
digestor followed by colorimetric analysis of orthophosphate using the ascorbic-acid method (Appendix 
B.2). TSS was analyzed following standard methods for total solids dried at 103-105°C (Appendix B.3). 
For each set of samples run on the Metrohm IC, Shimadzu TOC-TN analyzer or Shimadzu 
spectrophotometer, a set of seven standards was also prepared and run to calibrate the machines. 
These standards were used as check standards during analysis. Blanks and duplicates (at least two per 
set of 17 samples) were also run for quality control. Figure 2.4 shows a flowchart of the field sampling 
procedures in the field and in the lab. Upon completion of laboratory analysis, the method detection 
limits and for this study were compiled by taking the lowest standard on the standard curve for each 
analyte each month (Table 2.1). Precision was also measured by calculating the average of relative 
percent differences (RPDs) for duplicate samples for each analyte (Table 2.2). Standards, duplicates and 
nutrient concentrations were all recorded on data sheets (Appendix A.2-A.5). 
2.4 GIS analyses  
A geographical information system (GIS) (ArcMap 10.1; ESRI, Redland, CA, USA) was used to 
quantify watershed characteristics within sub-watersheds and riparian corridors upstream of each 
sampling site. Watershed characteristics include land-use, bedrock geology, soil drainage type, and 
stream-field connectivity (a proportional measure of drainage features running through agricultural 
fields). Watershed characteristics were measured at two scales to account for landscape effects: 1) the 
sub-watershed scale which corresponds to the entire area draining a single sampling point, and 2) the 
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riparian corridor scale which corresponds to a 100m buffer around the stream spanning from the 
sampling point to the top of the sub-watershed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.1 Method detection limits (MDL).  
Detection limits for the laboratory procedures are shown for each sample analysis date. 
Sampling Date  SRP 
mg/L 
NO3 
mg/L 
NH4 
mg/L 
TN 
mg/L  
TP 
mg/L  
July 2012 0.001 0.250 0.001 1.00 0.002 
September 2012 0.001 0.100 0.001 1.00 0.002 
October 2012 0.001 0.100 0.001 1.00 0.002 
November 2012 0.001 0.100 0.001 1.00 0.002 
January 2013 0.001 0.500 0.025 0.500 0.001 
 
IN THE FIELD 
Collect data on flow and weather conditions 
Collect filtered and unfiltered sample 
IN THE LAB (WITHIN 48 HRS) 
IC analysis of PO4, NO3, NH4 
Colorimetric analysis of PO4 
 
IN THE LAB (WITHIN 28 D) 
 
TP 
Persulfate digestion 
Colorimetric analysis of 
orthophosphate (ascorbic-acid method) 
TSS 
Dry at 103-105°C 
TN 
Shimadzu TOC-TN analyzer 
Figure 1.4 Sampling and lab procedure flowchart for baseflow and storm flow samples. 
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Table 2.2 Laboratory precision as determined by relative percent difference (RPD) of sample duplicates.  
RPD = [(sample-duplicate)/average of sample and duplicate]*100. Reported RPDs are averages for all 
duplicates. January N concentrations are excluded since samples were sent to a separate lab at UGA 
where replicates were not run. 
Sampling Date  SRP 
mg/L 
NO3 
mg/L 
NH4 
mg/L 
TN 
mg/L  
TP 
mg/L  
July 2012 0% 3% 2% 1% 13% 
September 2012 9% 0% 2% 2% 17% 
October 2012 27% 0% 0% 7% 14% 
November 2012 26% 0% 22% 3% 13% 
January 2013 11% NA NA NA 27% 
 
2.4.1 Watershed delineation  
Sub-watershed boundaries were delineated from 1:24,000 digital elevation models (DEMs) 
expressed as a 10m raster (downloaded county by county from NRCS GIS data gateway). A 
depressionless DEM was created by using the fill tool in the ArcMap surface hydrology toolset (Figure 
2.5a). This created a copy of the downloaded DEM with all areas of internal drainage filled in. A flow 
direction layer was then generated using the flow direction hydrology tool with the depressionless DEM 
as the input layer (Figure 2.5b). Direction of flow determines the ultimate destination of water flowing 
across the surface. Next, the flow accumulation tool was used with the flow direction as the input layer 
to compute a layer of cell values representing the number of cells upstream from that cell (Figure 2.5c). 
Cells with higher values tend to be located in drainage channels rather than on hillsides or ridges. The 
flow accumulation layer was displayed using two classes (with 5000 as the break) in order to visualize 
high-flow pathways. A new shapefile of pour points was created in association with the sampling sites by 
visually comparing these to the flow accumulation layer in order to create point locations only in cells of 
high cumulative flow, to prevent unrealistically small resultant watersheds (Figure 2.5c). The pour points 
layer was converted into a raster format in order to ensure that each point indeed corresponded with a 
high-flow cell in the flow accumulation layer. The watershed tool was then utilized to compute 
watersheds upstream from each sampling point using the new raster pour point layer and the flow 
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accumulation layer as inputs. The resulting watersheds were then converted to vector format and 
labeled by sampling site (Figure 2.5d). ArcGIS automatically computes geometric area of newly created 
polygons. Therefore, sub-watershed and riparian corridor size was included in the database. 
2.4.2 Riparian corridor delineation  
Riparian corridors were delineated using 100m buffers adjacent to Ichawaynochaway and 
tributary creeks. The Euclidean distance function calculated distance from stream vector data. The 
raster calculator was then utilized to create a layer of cells within 100m of the stream layer. The 
resulting raster was converted to a polygon layer and merged with the watershed polygon layer in order 
to divide the stream buffer using the new sub-watershed boundaries. The riparian corridors were then 
selected and a new layer was exported to Excel.  
2.4.3 Land-use  
Digital land-use land cover (LULC) information for the Ichawaynochaway watershed was 
obtained from a land-cover map of Georgia, produced through the Georgia Gap Analysis Project (GA-
GAP) for 1998 (Kramer, 2003). This statewide data set was generated from 14 Landsat Thematic Mapper 
scenes, and classified using unsupervised methods. The scenes were generated through 1998 Landsat 
Thematic Mapper (TM) satellite data at a resolution of 30 by 30 meters, over two iterations (Kramer, 
2003). Land-use was reclassified from 15 classes into seven: agricultural, barren, forest, urban, 
vegetated, wetland, and water (Table 2.3). The sum of cells of each LULC category was calculated for 
each sub-watershed and each riparian corridor using the Zonal Tabulate Area tool. The resulting tables 
were exported to Excel, the open water category was excluded, and percentages were calculated for 
each land-use class.  
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Figure 1.5 Watershed delineation using ArcGIS. a) Depressionless DEM, b) Flow direction layer, c) Flow accumulation layer showing close up of 
sampling point and identification of flow accumulation value, d) Resulting watersheds 
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Table 2.3 Reclassification of LULC layer in ArcGIS. 
Reclassified categories Original classes 
Agricultural 81 – Pasture/Hay   
82 – Cultivated Crops 
Barren 31 – Barren Land (Rock/Sand/Clay)  
Forest 41 – Deciduous Forest   
42 – Evergreen Forest  
43 – Mixed Forest 
Urban 21 – Developed, open space  
22 – Developed, low intensity  
23 – Developed, medium intensity  
24 – Developed, high intensity  
Vegetated 51 – Dwarf Scrub 
52 – Shrub/Scrub 
71 – Grassland/Herbaceous 
72 – Sedge/Herbaceous 
73 – Lichens 
74 – Moss 
Wetland 90 – Woody Wetlands  
95 – Emergent Herbaceous Wetlands 
Water 11 – Open water   
  
2.4.4 Geology  
 The USGS Mineral Resources geologic map for Georgia was downloaded from NRCS GIS data 
gateway and clipped to the study area. Only three categories of bedrock geology were present in the 
Ichawaynochaway watershed: sand, limestone and sandstone. The sum of cells of each bedrock 
category was calculated for each sub-watershed and each riparian corridor using the Zonal Tabulate 
Area tool. The resulting tables were exported to Excel and percentages were calculated for each 
category.  
2.4.5 Soil drainage type 
 Soil data was downloaded from the NRCS GIS data gateway for the nine counties encapsulated 
by the study area. The data set is a digital soil survey with the most detailed level of soil geographic data 
developed by the National Cooperative Soil Survey. The maps were created through digitization, 
verification using remote sensing, and field verification. The soil map units are linked to attributes in the 
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National Soil Information System relational database, which gives the proportionate extent of the 
component soils and their properties. The dataset was converted to a raster layer using the values of the 
soil drainage type for each soil (Table 2.4).  The sum of cells of drainage type was calculated for each 
sub-watershed and each riparian corridor using the Zonal Tabulate Area tool. The resulting tables were 
exported to Excel and percentages were calculated for each category. Since there was a lot of missing 
data (Figure 2.6), null values were subtracted from the total and percentages were calculated from the 
remaining cell values. 
2.4.6 Stream-field connectivity 
 A metric was created to measure connectivity of streams to fields through ditches or other 
drainage features.  The flow accumulation layer was converted to a vector layer to represent drainage 
features. A separate raster layer was created for agricultural fields by reclassifying the LULC layer so that 
only agricultural fields had a value. This layer was then converted to vector format in order to compute 
the intersection of agricultural fields with drainage features. The sum of stream length for intersecting 
drainage features was then calculated for each sub-watershed and riparian corridor. The sum of stream 
length of all drainage features was also calculated and both tables were exported to Excel in order to 
calculate ratios for the stream length of intersecting vs. total drainage features for each sub-watershed 
and each riparian corridor. 
2.5 Data analysis 
2.5.1 Hydrological analyses  
Hydrological conditions are known to influence water chemistry and nutrient concentrations. 
Hydrologic data was used to confirm that all five sampling events were conducted during baseflow 
conditions. Baseflow refers to samples from long-term stable low flow periods. Elevated baseflow refers 
to samples from shorter-term or seasonal higher-flow non-storm periods. Stormflow refers to samples 
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from storm hydrographs (Pionke et al., 1999).To determine if samples were collected during equivalent 
flow conditions, hydrographs from a number of sites within the watershed were assessed visually.  Daily 
discharge data were obtained from USGS for the 6 gauging stations located within the 
Ichawaynochaway watershed (02353265, 02353500, 02354800, 02353400, 02354350, 02354500) 
(Figure 3.2). These gauging stations correspond to three main-stem (IC4, IC6, IC7) and three tributary 
(PC2, CC1, CC4) water-quality sites.   
 
Figure 1.6 Map of soil drainage types. 
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Table 2.4 Drainage types and soil names 
Drainage type Soil names 
Excessively drained Udorthents, Pits, Lakeland sand 
Somewhat excessively drained Troup loamy sand 
Well drained Sandy loams: Carnegie sandy loam, Faceville sandy loam, Marlboro 
sandy loam Kolomoki fine sandy loam, Henderson gravelly sandy 
loam 
Loamy sands: Ailey loamy sand, Ailey-Cowards complex, 
Benevolence loamy sand, Bonneau loamy sand, Carnegie-Nankin 
complex, Cowarts loamy sand, Lucy loamy sand, Nankin-Cowards-
Maubila complex, Norfolk loamy sand, Orangeburg sandy loam, Red 
Bay sandy loam 
Greenville sandy clay loam 
Moderately well drained Goldsboro loamy sand, Clarendon sandy loam 
Somewhat poorly drained Wahee fine sandy loam, Ocilla loamy sand 
Poorly drained Grady clay loam, Meggett fine sandy loam, Kinston and Bibb soils, 
Rains sandy loam 
2.5.2 Statistical analyses 
Box plots were constructed for each analyte (by site and by date) to summarize water quality 
conditions present in the Ichawaynochaway watershed during the sampling period (July 2012 to January 
2013). Nutrient distributions were diagnosed as non-normal using the Shapiro-Wilk test of normality 
(p<0.001), therefore non-parametric methods were used for most statistical analyses of water quality 
variables, excluding multiple linear regressions (MLRs), for which data were log-transformed to improve 
normality, and analysis of variance (ANOVA), which is relatively insensitive to non-normality. Differences 
among sites were analyzed for significance using the Wilcoxon rank sum test. Monthly data were 
compared using ANOVA with site as a blocking variable to explore seasonal trends. Relationships among 
water quality variables and between water quality and watershed characteristics were analyzed using a 
non-parametric Spearman rank correlation coefficients. Correlations were analyzed for the whole 
dataset and separately for the upper and lower portion of the watershed corresponding to the Fall Line 
Hills and Dougherty Plains regions. For each statistically significant correlation, a scatterplot of the 
results was used to visualize the trends, to visually identify outliers or possible influential sample sites, 
and to determine the plausibility of each correlation.   
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A Spearman rank correlation matrix was used to explore interrelationships among watershed 
characteristics and to determine possible spatial trends. Since the results of the correlation matrix 
revealed multicollinearity among characteristics, a maximum of two class types was selected for each 
category to include in the MLR model. Agricultural and forested land-use were selected to represent 
land-use since these represented the majority of land-use in the watershed. Percentage limestone was 
selected to represent geology, since limestone was strongly negatively correlated with sand and 
sandstone. Well drained and moderately well drained soils were selected to represent soil types since 
these were the two most prevalent soil types within the watershed. 
Soluble reactive P, NO3, NH4, TN, TP and TSS data were all log-transformed to meet normality 
assumptions for MLR. For each model, the initial independent variables were agricultural land-use, 
forested land-use, percentage limestone, percentage well-drained soils, percentage moderately well-
drained soils, size (of watershed or riparian corridor) and stream-field connectivity. Two full models 
were identified: one using independent variables at the sub-watershed scale, and one using variables at 
the riparian corridor scale. A lack of fit test was performed on each full model (all independent variables 
included) to determine whether the full model should be analyzed further in order to identify a final 
model. For models without a significant lack of fit, a bidirectional stepping approach based on the 
Bayesian Information Criterion (BIC) was employed to isolate the final model. BIC is a criterion for model 
selection based on a likelihood function. The BIC index was used to select the most parsimonious model 
that gave the best fit to each landscape and water chemistry variable. If there were final models at both 
scales, the two models were then compared using ANOVA to determine whether there was a difference 
in the amount of variance explained by the sub-watershed vs. riparian level model. R-squared values of 
models were also compared to gain a relative sense of the strength of each model.  
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2.5.3 Field, lab and statistical methods for long-term dataset  
Data provided by the Jones Center Aquatic Ecology Lab were collected monthly between 
December 2009 and March 2012. Water samples were collected at 12 sites across the watershed, 8 of 
which corresponded directly to the current study sites (Figure 2.7) Triplicate grab samples were 
collected in 1L acid-washed polyethylene bottles at each site during each sampling event. These were 
transported to the lab on ice and stored at 4° C until processed.  Samples were vacuum-filtered through 
a fiberglass pre-filter within 48 hr of collection and stored at 4° C for later analysis of NO3, SRP, and NH4 
using a Lachat Quickchem 8500. This method is not identical to that used for the current study, 
therefore datasets were not combined. Instead, two separate analyses were conducted and reported in 
the results. Watersheds were re-delineated with the new sampling sites as the new pour points 
according to the procedure described in the above section on GIS analyses. 
Correlations and MLR models were computed for selected baseflow and stormflow data from 
this dataset. These were conducted separately for baseflow and stormflow dissolved nutrient data in 
order to make comparisons between relationships for the two hydrological conditions. 
 
Figure 1.7 Sampling sites and resulting watershed for long-term dataset provided by Jones Center. Sites 
shared by both datasets are shaded blue. 
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3.    RESULTS 
3.1 Hydrological conditions 
The entire sampling period spanned a period of extreme drought conditions for southwest 
Georgia with low minimum and maximum discharge in the main channel and two tributaries of the 
Ichawaynochaway (Table 3.1). Discharge varied among sites, however all sites show that samples were 
collected during baseflow conditions (Figures 3.1-3.6). Although baseflow conditions were present 
during all five sampling events, the last date (1/22/2013) is considered to be an elevated baseflow 
sample due to heavier rainfall towards the end of December and lower water losses to 
evapotranspiration during the winter months.  
Table 3.1 Range of discharge at USGS gauging stations during sampling period. 
Creek Range of discharge (cfs) 
Ichawaynochaway 2 - 650 
Pachitla 3 – 540 
Chickasawhatchee 0 – 120 
3.2 Water quality 
3.2.1 Descriptive statistics 
Soluble reactive P concentrations ranged from below detection limit (BDL) to 0.021 mg/L with a 
median of 0.002 mg/L for the entire study. The upstream site on Chickasawhatchee Creek (CC1) showed 
significantly higher SRP values than the rest of the sites (p<0.01), possibly due to the swamp-like 
conditions and lack of flow throughout the study period.  Aside from site CC1 and the outlier from site 
CC4 (collected during the January sampling event), all sampling sites showed consistently low SRP values 
ranging from BDL to 0.006 mg/L (Figure 3.7 and Table 3.2).  
Nitrate concentrations ranged from 0.027 mg/L to 1.069 mg/L with a median of 0.411 mg/L. The 
lowest NO3 concentrations occurred at the Chickasawhatchee sites (p<0.01) and the highest 
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concentrations at the Little Ichawaynochaway site (p<0.01). Nitrate concentrations at other sites were 
similar and ranged between 0.23 mg/L to 1.93 mg/L (Figure 3.8 and Table 3.2).  
Ammonium values concentrations ranged from BDL to 0.160 mg/L with a median of 0.036 mg/L. 
Although CC1 and LIC appeared to have higher NH4 concentrations, these are not significantly higher 
(p>0.10) than those at other sites (Figure 3.9 and Table 3.2).  
TN concentrations ranged from 0.051 mg/L to 5.025 mg/L with a median of 0.910 mg/L. The LIC 
site had the highest TN concentrations (p<0.01). Concentrations at all other sites ranged between 0.5 
mg/L and 2.37 mg/L (Figure 3.10 and Table 3.2).  
TP concentrations ranged from BDL to 0.056 mg/L with a median of 0.010 mg/L.  Similarly to the 
SRP values, the CC1 site showed the highest concentrations for TP (p<0.01). Disregarding three outlier 
samples collected at IC6, IC7 (during the January sampling event) and PC2 (during the October sampling 
event), concentrations at other sites ranged between BDL and 0.031mg/L (Figure 3.11 and Table 3.2).  
TSS values ranged from BDL to 0.030 mg/L with a median of 0.002 mg/L. Although IC4 had the 
highest concentrations, they were not significantly higher (p>0.10) than other sites (Figure 3.12 and 
Table 3.2). 
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Figure 3.1 Hydrograph of IC4 with sampling days. 
 
 
Figure 3.2 Hydrograph of IC6 with sampling days. 
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Figure 3.3 Hydrograph of IC7 with sampling days. 
 
 
Figure 3.4 Hydrograph of PC2 with sampling days. 
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Figure 3.5 Hydrograph of CC1 with sampling days. 
 
 
Figure 3.6 Hydrograph of CC4 with sampling days. 
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Figure 3.7 Boxplots of SRP levels by site. 
Sites in the upper portion of the watershed (Fall Line Hills) are blue and sites in the lower portion of the watershed (Dougherty Plain) are pink. 
The orange line represents the detection limit (DL) or lowest standard for SRP at 0.001 mg/L. Black circles represent outliers, top whiskers are 
the upper 90% and lower 10%, boxes are the upper 75% and lower 25%, and the median line is displayed in each box. 
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Figure 3.8 Boxplots of NO3 levels by site. 
Symbology is same as above. DL = 0.100 mg/L 
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Figure 3.9 Boxplots of NH4 levels by site. 
Symbology is same as above. DL = 0.001 mg/L 
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Figure 3.10 Boxplots of TN levels by site. 
Symbology is same as above. DL = 1.000mg/L 
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Figure 3.11 Boxplots of TP levels by site.  
Symbology is same as above. DL = 0.002 mg/L 
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Figure 3.12 Boxplots of TSS levels by site. 
Symbology is same as above.  
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 Table 3.2 Summary of water quality variables by site. BDL=below detection limit 
Site  Value  SRP (mg/L) NO3 (mg/L) NH4 (mg/L) TN (mg/L) TP (mg/L) TSS(mg/L) 
CC1  Mean   0 .018 0.07 0.093 0.46 0.043 2.54 
 Min 0.013 0.03 BDL 0.33 0.019 0.63 
 Median  0.019 0.03 0.125 0.50 0.055 2.00 
 Max 0.021 0.15 0.153 0.54 0.056 5.00 
 St. dev 0.004 0.07 0.081 0.11 0.021 2.24 
 
CC4  Mean  0.004 0.56 0.008 0.95 0.008 0.62 
 Min BDL 0.18 BDL 0.43 0.004 BDL 
 Median 0.002 0.76   0.006 0.81 0.005 0.32 
 Max 0.016 0.87 0.018 1.96 0.017 1.44 
 St. dev  0.007 0.33 0.008 0.59 0.005 0.72 
        
IC1  Mean  BDL 1.03   0.040 1.33 0.015 2.54 
 Min BDL 0.83 BDL 1.03 0.005 BDL 
 Median  0.002 0.99 0.038 1.08 0.011 3.43 
 Max 0.003 1.38 0.106 1.82 0.031 4.67 
 St. dev 0.001 0.22 0.043 0.37 0.010 1.92 
        
IC2  Mean  0.002 1.54 0.018 1.82 0.012 1.33 
 Min BDL 1.35 BDL 1.44 0.007 BDL 
 Median BDL 1.44 0.018 1.65 0.010 1.31 
 Max 0.004 1.80 0.036 2.31 0.016 3.25 
 St. dev 0.002 0.20 0.017 0.41 0.004 1.21 
        
IC3  Mean  0.003 0.64 0.019 1.07 0.015 0.59 
 Min BDL 0.48 BDL 0.72 0.010 BDL 
 Median 0.002 0.54 0.018 1.03 0.011 0.13 
 Max 0.006 0.98 0.041 1.69 0.027 1.83 
 St. dev 0.002 0.20 0.017 0.40 0.007 0.81 
        
IC4  Mean  0.003 0.74 0.018 1.13 0.015 8.26 
 Min BDL 0.23 BDL 0.47 0.010 BDL 
 Median 0.003 0.78 0.015 0.98 0.014 1.56 
 Max 0.005 1.15 0.058 2.25 0.023 29.90 
 St. dev 0.002 0.33 0.024 0.67 0.005 14.46 
        
IC5  Mean   0.002 0.70 0.023 1.09 0.012 0.85 
 Min BDL 0.55 BDL 0.76 0.003 BDL 
 Median  0.002 0.64 0.008 0.85 0.012 0.81 
 Max 0.005 0.96 0.076 2.12 0.021 2.19 
 St. dev 0.002 0.16 0.032 0.58 0.007 0.83 
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Site  Value  SRP (mg/L) NO3 (mg/L) NH4 (mg/L) TN (mg/L) TP (mg/L) TSS(mg/L) 
IC6  Mean  0.002 1.20 0.021 1.45 0.018 1.21 
 Min BDL 0.79 BDL 0.84 0.008 BDL 
 Median BDL 1.06 0.010 1.20 0.010 0.58 
 Max 0.005 1.93 0.073 2.37 0.052 3.07 
 St. dev 0.002 0.44 0.030 0.61 0.019 1.38 
        
IC7  Mean  0.002 0.88 0.010 1.15 0.018 2.10 
 Min BDL 0.70 BDL 0.89 0.008 BDL 
 Median BDL 0.77 0.010 0.95 0.010 1.79 
 Max 0.004 1.26 0.022 1.79 0.044 5.56 
 St. dev 0.002 0.25 0.010 0.38 0.015 2.21 
        
IC8  Mean  0.002 0.77 0.009 1.07 0.010 1.21 
 Min BDL 0.49 BDL 0.67 BDL BDL 
 Median 0.002 0.76 0.004 0.97 0.008 1.00 
 Max 0.006 1.11 0.031 1.65 0.021 3.50 
 St. dev 0.002 0.22 0.013 0.42 0.008 1.35 
        
LIC  Mean  BDL 2.26 0.052 2.90 0.011 3.46 
 Min BDL 0.76 BDL 2.07 0.004 BDL 
 Median BDL 2.05 0.025 2.28 0.012 2.33 
 Max 0.002 4.09 0.160 5.03 0.018 10.80 
 St. dev BDL 1.21 0.067 1.23 0.006 4.32 
        
PC1  Mean  0.002 0.90 0.024 1.17 0.013 2.00 
 Min BDL 0.76 BDL 0.90 0.004 BDL 
 Median 0.001 0.90 0.019 0.93 0.014 2.43 
 Max 0.006 1.03 0.057 1.98 0.021 3.78 
 St. dev 0.002 0.10 0.025 0.46 0.007 1.54 
        
PC2  Mean  0.001 0.62 0.023 1.00 0.023 1.58 
 Min BDL 0.52 BDL 0.71 0.011 BDL 
 Median 0.001 0.64 0.014 0.74 0.018 1.33 
 Max 0.002 0.72 0.057 2.01 0.051 4.44 
 St. dev 0.001 0.08 0.025 0.56 0.016 1.73 
        
PC3  Mean  0.002 0.57 0.021 0.85 0.012 1.28 
 Min BDL 0.42 BDL 0.66 0.005 BDL 
 Median 0.001 0.57 0.007 0.67 0.012 1.17 
 Max 0.004 0.74 0.053 1.51 0.018 2.39 
 St. dev 0.002 0.13 0.026 0.37 0.005 1.08 
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3.2.2 Seasonal trends 
Results of the two-way ANOVA with sampling date as a blocking variable indicate that there is 
no significant monthly variation for SRP or NO3 concentrations, whereas NH4, TN, TP, and TSS 
concentrations show significant monthly variation (p<0.05) (Figures 4.14 - 4.19). 
 
Figure 3.13 Monthly comparisons of SRP values for upper vs. lower watershed. 
Sites in the upper portion of the watershed (Fall Line Hills) are blue and sites in the lower portion of the 
watershed (Dougherty Plain) are pink. Black circles represent outliers, top whiskers are the upper 90% 
and lower 10%, boxes are the upper 75% and lower 25%, and the median line is displayed in each box. 
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Figure 3.14 Monthly comparisons of NO3 values for upper vs. lower watershed. 
Symbology is same as above. 
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Figure 3.15 Monthly comparisons of NH4 values for upper vs. lower watershed. 
Symbology is same as above. 
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Figure 3.16 Monthly comparisons of TN values for upper vs. lower watershed. 
Symbology is same as above. 
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Figure 3.17 Monthly comparisons of TP values for upper vs. lower watershed. 
Symbology is same as above. 
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Figure 3.18 Monthly comparisons of TSS values for upper vs. lower watershed. 
Symbology is same as above. 
 3.2.3 Correlations among water quality variables 
Dissolved nutrient forms (SRP and NO3) were positively correlated with total concentrations for 
the same nutrient (TP and TN) (Table 3.3). Both SRP and TP were negatively correlated with NO3, 
suggesting different sources and/or transport pathways.  No relationship was found between either P 
fraction and TN. A strong positive relationship existed between TP and TSS, indicating the importance of 
P transport in particulate forms. The relationship between TN and TSS was also positive but weaker, 
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indicating the importance of both particulate and dissolved forms of N.  Concentrations of NO3, the 
major form of N in most samples, were not correlated with TSS. However, a closer look at the 
scatterplots (Figure 3.19 a-g) reveals that SRP correlations are heavily influenced by high SRP 
concentrations at the Chickasawhatchee site (CC4). If this site were to be excluded from the data, SRP 
correlations lose strength and/or cease to be significant. This is a recurring limitation due to the 
extremely low SRP values collected during the study period (near detection limit). 
 
Table 3.3 Spearman correlation coefficients among water quality variables. Only significant (p<0.05) 
values are shown. 
 
a) 
 
 
 NO3 NH4 TN TP TSS 
SRP  -0.32 --- --- 0.49 0.36 
NO3   --- 0.69 -0.28 --- 
NH4    --- --- --- 
TN     --- 0.27 
TP      0.60 
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b) 
 
c) 
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d) 
 
 
e)  
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f) 
 
 
g) 
 
Figure 3.19 Scatterplots of water quality correlations. Data points are coded by site and channel. 
IC=Ichawaynochaway Creek, CC=Chickasawhatchee Creek, LIC= Little Ichawaynochaway Creek, 
PC=Pachitla Creek. 
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 3.2.4 Spatial effect on correlations among water quality variables 
When the water-quality dataset was analyzed separately for the Fall Line Hills (upper 
watershed) and the Dougherty Plains (lower watershed), different relationships emerged (Table 3.4). 
The main difference was that SRP and TSS were correlated in the lower watershed but not in the upper 
watershed, TN and TP were negatively correlated in the upper watershed and positively correlated in 
the lower watershed, and NO3 and TP were negatively correlated in the upper watershed but not 
correlated in the lower watershed (Figure 3.20 a-f). The difference in TP-TN relationships is particularly 
evident (Figure 3.20e and Figure 3.20f) and may suggest more diverse N sources in the lower versus 
upper watershed. 
 
Table 3.4 Spearman correlation coefficients among water quality variables for upper vs. lower 
watershed. Only significant (p<0.05) values are shown. 
 NO3 NH4 TN TP TSS 
Upper watershed      
SRP -0.33 --- --- 0.37 --- 
NO3  --- 0.76 -0.55 --- 
NH4    --- --- --- 
TN     -0.35 --- 
TP      0.51 
Lower watershed      
SRP --- --- --- 0.58 0.53 
NO3  --- 0.47 --- --- 
NH4    --- --- --- 
TN     0.52 0.40 
TP      0.67 
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a) 
 
 
b) 
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c) 
 
 
d) 
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e) 
 
f) 
 
Figure 3.20 Scatterplots showing spatial variation in correlations among water quality variables. 
a), c), and e) show data from the upper portion of the watershed and b), d), and f) show data from the 
lower portion of the watershed. Data points are color coded by site. 
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3.3 Spatial trends in watershed characteristics 
3.3.1 Longitudinal trends 
Sub-watersheds throughout the watershed are dominated by either forested or agricultural 
land-use. Sub-watersheds near the headwaters are underlain by sand and sandstone lithology and show 
more diverse soil compositions than sub-watersheds further south, which are dominated by limestone 
lithology and well drained soils (Figure 3.21). A general look at the two physiographic provinces reveals 
that the Fall Line Hills has less “drains” or ephemeral streams flowing through agricultural fields than in 
the Dougherty Plains (Figure 3.22).  
3.3.2 Interrelationships among watershed characteristics 
Several land-use classes and soil drainage types were found to be interrelated, which can be 
expected of any class percentages, since an increase in one class would necessarily result in a decrease 
in the other. Consequently, agricultural land-use is negatively correlated with forested land-use and 
forested is positively correlated with vegetated land-use (Table 3.5). Excessively drained soils are 
positively correlated with somewhat excessively drained and poorly drained soils, and negatively 
correlated with well drained and moderately well drained soils.  
Land-use and soil also show strong interrelationships among classes and types. Excessively 
drained and somewhat excessively drained soils which are coarser and sandier are positively correlated 
with forested land-use but negatively correlated with agricultural land-use, possibly due to agricultural 
fields occurring on slightly higher ground containing soils of higher clay content. Other interrelationships 
include a positive correlation between sub-watershed size and forested land-use as well as between 
stream-field connectivity and agricultural land-use. 
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3.4 Correlations among water quality variables and watershed characteristics 
3.4.1 Sub-watershed vs. riparian corridor 
SRP concentrations are too low to show any significant correlations (Table 3.6). The slight 
significant correlation with riparian corridor size is only due to the influence of the uppermost 
Chicakasawhatchee site (CC1), which has relatively high SRP concentrations and a broad riparian 
corridor. Although TP concentrations are higher, these do not show any significant correlations beyond a 
weak positive correlation with wetland percentage and sub-watershed size.  
Both NO3 and TN are correlated with all soil drainage types (negatively with well and moderately 
well drained, positively with excessively and poorly drained). The two sites with higher percentages of 
excessively drained (coarse) soils (IC1 and LIC) also have the highest percentages of poorly drained 
(clayey) soils (Figure 3.21). Therefore, they are both correlated with N fractions, even though only the 
correlation with coarse soils can be explained. Coarse soils lead to increased drainage and higher N 
concentrations in streams via groundwater input. Nitrate and TN are also positively correlated with 
forested and vegetated land-use and negatively correlated with urban land-use at the sub-watershed 
scale. The negative correlation with urban land-use is nonexistent at the riparian corridor scale, due to 
virtually no urban land-use in the riparian corridor. 
3.4.2 Upper vs. lower watershed 
After separating the dataset by physiographic province, SRP concentrations were still too low to 
show any significant correlations (Tables 3.7 and 3.8). The Spearman correlations that appeared in the 
Fall Hill Lines region were statistically significant only due to the relatively high SRP concentrations at 
CC1. Therefore, since CC1 has a relatively high percentage of agriculture and conversely a low 
percentage of forested land-use, agriculture appeared to be positively correlated with SRP and forested 
land-use appeared negatively correlated. Once CC1 was removed from the upper sites, SRP was no 
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longer correlated with watershed characteristics.  TP concentrations were similarly influenced by high 
concentrations at CC1. The only two correlations that remained significant once CC1 was removed were 
a slight positive correlation with well drained soils at the sub-watershed scale and a slight positive 
correlation with agricultural land-use at the riparian corridor scale. The lower watershed did not show 
significant correlations for either SRP or TP.  
While NO3 and TN were both positively correlated with forested land-use and excessively 
drained soils in the upper watershed, both nutrients were instead positively correlated with agricultural 
land-use in the lower watershed, indicating different sources and nutrient pathways in the two 
physiographic regions. Nitrate was also positively correlated with stream-field connectivity at both the 
sub-watershed and riparian corridor scale in the Dougherty Plain region. 
Ammonium and TSS concentrations did not show significant correlations in either portion of the 
watershed once scatterplots were visually inspected alongside correlation results.
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Figure 3.21 Watershed maps showing pie chart distributions of watershed characteristics by site shaded by upper and lower regions. The Fall 
Line Hills portion of the watershed is shaded tan and the Dougherty Plains portion is shaded green. 
70 
 
 
 
 Fall Line Hills Dougherty 
Plains 
  
Land-use 
 
 
 
 
 
 
 
Agricultural 
Barren 
Forest 
Urban 
Wetland 
Vegetated 
Geology 
  
 
Sand 
Limestone 
Sandstone 
Soils 
 
 
 
 
 
Excessively drained 
Somewhat excessively drained 
Well drained 
Moderately well drained 
Poorly drained 
 
Figure 3.22 Watershed map showing pie chart distributions of watershed characteristics by upper and lower watershed. 
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Table 3.5 Spearman correlation coefficients among watershed characteristics. 
ED = excessively drained, SED = somewhat excessively drained, WD = well drained, MWD = moderately well drained, PD = poorly drained 
  Land-use Bedrock Geology Physiography Soil drainage type 
 
 
 
B
arren
 
Fo
rested
 
U
rb
an
 
V
egetated
 
W
e
tlan
d
 
San
d
 
Lim
esto
n
e 
San
d
sto
n
e 
Size
 
C
o
n
n
ectivity 
ED
 
SED
 
W
D
 
M
W
D
 
P
D
 
La
n
d
-u
se
 
Agricultural -0.38 -0.64 --- -0.43 0.31 --- --- --- --- 0.71 -0.32 -0.44 --- 0.25 --- 
Barren  0.33 -0.44 --- --- 0.33 -0.43 0.38 0.46 -0.73 0.37 0.48 -0.26 -0.34 --- 
Forested    0.53 -0.64 --- --- --- 0.45 -0.42 0.59 0.71 --- -0.7 --- 
Urban    -0.48 --- --- --- --- 0.24 0.32 -0.31 -0.26 0.48 --- --- 
Vegetated     -0.27 --- --- -0.31 0.22 --- --- 0.31 --- -0.38 --- 
Wetland      --- --- 0.33 --- --- --- -0.29 -0.29 0.42 --- 
G
eo
 Sand       -0.71 0.47 0.22 -0.36 0.53 0.56 -0.47 -0.42 0.46 
Limestone        -0.93 -0.12 0.48 -0.77 -0.68 0.79 0.65 -0.87 
Sandstone         --- -0.48 0.62 0.45 -0.73 -0.5 0.84 
P
h
y 
Size          -0.27 --- 0.3 --- -0.38 --- 
Connectivit
y 
          -0.47 -0.52 0.42 0.31 --- 
So
il 
d
ra
in
ag
e 
ED            0.95 -0.76 -0.82 0.75 
SED             -0.65 -0.8 0.57 
WD              0.37 -0.67 
MWD               -0.66 
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Table 3.6 Spearman correlation coefficients among watershed characteristics and water quality variables 
at the sub-watershed and riparian corridor scales. Only significant (p<0.05) values are shown. 
   SRP NO3 NH4 TN TP TSS 
Su
b
-w
a
te
rs
h
ed
 s
ca
le
 
Land-use       
     % agricultural --- --- --- --- --- --- 
     % barren --- --- --- --- --- --- 
     % forested --- 0.34 -0.25 0.26 --- --- 
     % urban --- -0.32 --- -0.32 --- --- 
     % vegetated --- 0.32 --- 0.24 --- --- 
     % wetland --- -0.30 --- --- 0.24 --- 
Bedrock geology       
     % sand  --- --- --- --- --- --- 
     % limestone --- --- --- --- --- --- 
     % sandstone --- --- --- --- --- --- 
Physiography       
     Size --- --- --- --- 0.25 --- 
     Stream-field connectivity --- --- --- --- --- --- 
 Soil structure       
     % excessively drained soils --- 0.47 --- 0.43 --- --- 
     % somewhat excessively drained soils --- 0.51 -0.25 0.42 --- --- 
     % well drained soils --- -0.37 --- -0.41 --- --- 
     % moderately well drained soils --- -0.36 --- -0.28 --- --- 
     % poorly drained soils --- 0.26 --- 0.26 --- --- 
R
ip
a
ri
a
n
 c
o
rr
id
or
 s
ca
le
 
Land-use       
     % agricultural --- --- --- --- --- --- 
     % barren --- --- -0.03 --- --- --- 
     % forested --- 0.42 --- 0.32 -0.24 --- 
     % urban --- --- --- --- --- --- 
     % vegetated --- 0.37 --- 0.31 --- --- 
     % wetland --- --- --- --- --- --- 
Bedrock geology       
     % sand  --- --- --- --- --- 0.24 
     % limestone --- --- --- --- --- --- 
     % sandstone --- --- --- --- --- --- 
Physiography       
     Size 0.24 --- --- --- --- 0.25 
     Stream-field connectivity --- --- --- --- --- --- 
 Soil structure       
     % excessively drained soils --- 0.50 --- 0.46 --- --- 
     % somewhat excessively drained soils --- 0.54 --- 0.44 --- --- 
     % well drained soils --- -0.50 --- -0.47 --- --- 
     % moderately well drained soils --- --- --- --- --- --- 
     % poorly drained soils --- 0.31 --- 0.30 --- --- 
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Table 3.7 Spearman correlation coefficients among watershed characteristics and water quality variables 
at the sub-watershed and riparian corridor scales for the upper watershed. Only significant (p<0.05) 
values are shown. 
   SRP NO3 NH4 TN TP TSS 
Su
b
-w
a
te
rs
h
ed
 s
ca
le
 
Land-use       
     % agricultural 0.41 --- --- --- --- --- 
     % barren --- --- --- --- --- --- 
     % forested -0.42 0.47 --- 0.4 --- --- 
     % urban --- -0.34 --- --- --- --- 
     % vegetated --- 0.33 --- --- --- --- 
     % wetland --- -0.51 --- --- --- --- 
Bedrock geology       
     % sand  --- 0.41 --- --- --- --- 
     % sandstone --- --- --- --- --- --- 
Physiography       
     Size --- --- --- --- --- --- 
     Stream-field connectivity --- --- --- --- --- --- 
 Soil structure       
     % excessively drained soils -0.48 0.67 --- 0.62 --- -0.48 
     % somewhat excessively drained soils -0.43 0.64 --- 0.53 --- -0.43 
     % well drained soils --- -0.53 --- -0.59 0.33 --- 
     % moderately well drained soils 0.36 -0.43 --- --- --- 0.36 
     % poorly drained soils --- --- --- --- --- --- 
Land-use       
R
ip
a
ri
a
n
 c
o
rr
id
o
r 
sc
a
le
 
     % agricultural --- -0.48 --- -0.32 0.35 --- 
     % barren --- --- --- --- --- --- 
     % forested --- 0.64 --- 0.49 --- --- 
     % urban --- --- --- --- --- --- 
     % vegetated -0.33 0.48 --- 0.36 --- --- 
     % wetland --- --- --- --- --- --- 
Bedrock geology       
     % sand  --- 0.34 --- --- --- --- 
     % sandstone --- -0.34 --- --- --- --- 
Physiography       
     Size --- --- --- --- --- --- 
     Stream-field connectivity --- --- --- --- --- --- 
 Soil structure       
     % excessively drained soils -0.41 0.76 --- 0.68 -0.42 --- 
     % somewhat excessively drained soils -0.41 0.7 --- 0.56 --- --- 
     % well drained soils 0.37 -0.74 --- -0.68 0.43 --- 
     % moderately well drained soils --- -0.36 --- --- --- --- 
     % poorly drained soils --- --- --- --- --- --- 
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Table 3.8 Spearman correlation coefficients among watershed characteristics and water quality variables 
at the sub-watershed and riparian corridor scales for the lower watershed. Only significant (p<0.05) 
values are shown. Geology types are excluded because all sub-watersheds are underlain by limestone. 
Three soil types are excluded because these are not present in the lower watershed (excessively 
drained, somewhat excessively drained and poorly drained). 
   SRP NO3 NH4 TN TP TSS 
Su
b
-w
a
te
rs
h
ed
 s
ca
le
 
 
Land-use       
     % agricultural --- 0.56 --- 0.42 --- --- 
     % barren --- --- --- --- --- --- 
     % forested --- --- --- --- --- --- 
     % urban --- --- --- --- --- --- 
     % vegetated --- --- --- --- --- --- 
     % wetland --- --- --- --- --- --- 
Physiography       
     Size --- --- --- --- --- --- 
     Stream-field connectivity --- 0.54 --- --- --- --- 
 Soil structure       
     % well drained soils --- --- --- --- --- --- 
     % moderately well drained soils --- --- --- --- --- --- 
R
ip
a
ri
a
n
 c
o
rr
id
o
r 
sc
a
le
 
Land-use       
     % agricultural --- 0.47 --- --- --- --- 
     % barren --- -0.46 --- --- --- --- 
     % forested --- --- --- --- --- --- 
     % urban --- --- --- --- --- --- 
     % vegetated --- --- --- --- --- --- 
     % wetland --- --- --- --- --- --- 
Physiography       
     Size --- 0.39 --- --- --- --- 
     Stream-field connectivity --- 0.54 --- --- --- --- 
 Soil structure       
     % well drained soils --- --- --- --- --- --- 
     % moderately well drained soils --- --- --- --- --- --- 
 
3.5 Stepwise multiple linear regressions 
The full model for SRP at both scales had a significant lack of fit test, and although 
corresponding models for NH4 and TSS did pass the lack of fit test, their “top” models did not include 
any predicting variables with coefficients large enough to interpret. Therefore, the stepwise model 
selection of multiple linear regression models was focused mainly on total N and P concentrations (Table 
3.9). The strength of “top” models was similar at the sub-watershed and riparian corridor scales.            
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R-squared values were comparable and ANOVA results indicated no difference in explanatory power 
between models of differing scales. TN was best explained by the percentage of well drained soils and 
stream-field connectivity at the sub-watershed scale and forested land-use and soil drainage type at the 
riparian corridor scale. Well drained soils had a negative coefficient and stream-field connectivity had a 
positive coefficient in the sub-watershed scale TN model. Forested land-use and moderately well 
drained soils had positive coefficients while well drained soils had a negative coefficient in the riparian 
scale TN model. TP was best explained by percentage forested land-use and sub-watershed/riparian 
corridor size at both scales. Size had a positive coefficient at both scales and forested land-use had a 
negative coefficient at both scales. This could be a result of forested cover reducing TP sources and 
transport. 
 
 Table 3.9 Top baseflow MLR models generated through stepwise model selection using BIC. All models 
and explanatory variables are significant (p<0.05). Ag=agricultural, For=forested, LS=limestone, WD=well 
drained, MWD=moderately well drained, SIZE=size of subwatershed or riparian corridor, 
CON=connectivity. 
 
AG FOR LS WD MWD SIZE CON 
Adjusted 
R-squared 
Sub-watershed scale 
TN --- --- --- -0.01 --- --- 5.1E-03 0.41 
TP --- -1.6E-04   --- --- --- 2.8E-05   --- 0.17 
Riparian corridor scale 
TN --- 0.004 --- -0.004   0.009 --- --- 0.34 
TP --- -1.3E-04 --- --- --- 1.5E-10 ---   0.16 
  
 3.6 Comparing baseflow and stormflow conditions using Jones Center data 
3.6.1 Hydrological conditions  
USGS daily discharge data from 2008 to 2012 were used to select baseflow and stormflow 
sampling events from a database provided by the Aquatic Ecology Lab at the Jones Ecological Research 
Center. Approximately one baseflow event was selected for every stormflow event (Figure 3.23). 
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The Wilcoxon rank-sum test indicated that concentrations of SRP were higher during stormflow 
events (Figure 3.24, p<0.05) whereas concentrations of NO3 and NH4 were higher during baseflow 
conditions (Figures 3.25 and 3.26, p<0.05). Baseflow vs. stormflow comparisons of SRP, NO3 and NH4 
concentrations by site revealed similar patterns, with most sites showing higher median concentrations 
of SRP during stormflow and of NO3 and NH4 during baseflow (Figures 3.27-3.29).   
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Figure 3.23 Hydrographs with selected sampling events. Red dots represent stormflow and blue dots represent baseflow. 
78 
 
 
 
Figure 3.24 Boxplot comparison of SRP concentrations during baseflow and stormflow conditions. 
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Figure 3.25 Boxplot comparison of NO3 concentrations during baseflow and stormflow conditions. 
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Figure 3.26 Boxplot comparison of NH4 concentrations during baseflow and stormflow conditions.
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Figure 3.27 Boxplots of SRP baseflow vs. stormflow comparison by site. Sites on the left side are in the upper watershed. 
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Figure 3.28 Boxplots of NO3 baseflow vs. stormflow comparison by site. Sites on the left side are in the upper watershed. 
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Figure 3.29 Boxplots of NH4 baseflow vs. stormflow comparison by site. Sites on the left side are in the upper watershed. 
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 3.6.2 Correlations among nutrients 
During both hydrological conditions, SRP and NO3 were strongly negatively correlated (Table 
3.10). During stormflow, NO3 and NH4 were positively correlated.  
 
Table 3.10 Baseflow vs. stormflow comparison of Spearman correlation coefficients among water quality 
variables. 
 Baseflow Stormflow 
  NO3 NH4 NO3 NH4 
Nutrients     
SRP -0.47 --- -0.43  --- 
NO3  ---  0.25 
 
3.6.3 Correlations among nutrients and watershed characteristics 
Soluble reactive P correlations during both baseflow and stormflow conditions were relatively 
weak, possibly due to the low concentrations present under both conditions (Table 3.11). Excluding data 
from site CC1, concentrations did not exceed 0.010 mg/L even under stormflow conditions (Figure 3.27).  
Nitrate was positively correlated with agricultural land-use and stream-field connectivity at the 
sub-watershed scale during both hydrological conditions, although correlations were stronger during 
baseflow when NO3 concentrations were also higher.  
Ammonium was correlated with all geology types, several soil types and almost all riparian scale 
land-use classes during baseflow conditions. After visually inspecting the scatterplots, these correlations 
appeared too weak to draw meaningful conclusions. During stormflow conditions, very few correlations 
remained statistically significant. 
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Table 3.11 Spearman correlation coefficients during baseflow and stormflow conditions. 
  Baseflow Stormflow 
  SRP NO3 NH4 SRP NO3 NH4 
Su
b
-w
a
te
rs
h
ed
 s
ca
le
 
Land-use       
    % agricultural --- 0.45 --- --- 0.33  --- 
    % barren -0.18 --- --- -0.3 ---  --- 
    % forested --- --- --- --- ---  --- 
    % urban --- 0.25 --- --- 0.25  --- 
    % vegetated -0.21 0.26 --- --- ---  --- 
    % wetland --- 0.29 0.2 --- 0.28 0.24 
Bedrock geology       
    % sand  0.21 --- 0.25 --- --- ---  
    % limestone --- --- -0.29 --- --- -0.22 
    % sandstone --- --- 0.22 --- ---  --- 
Physiography       
     Size 0.20 -0.34 --- --- -0.35  --- 
     Stream-field connectivity --- 0.35 -0.19 --- 0.21  --- 
Soil structure       
     % excessively drained soils --- --- 0.22 --- --- ---  
    % somewhat excessively drained soils --- --- 0.22 --- --- --- 
    % well drained soils --- 0.18 --- --- --- ---  
    % moderately well drained soils --- --- --- --- -0.22  --- 
    % poorly drained soils --- --- 0.22 --- ---  --- 
R
ip
a
ri
a
n
 c
o
rr
id
o
r 
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a
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Land-use       
    % agricultural 0.20 -0.38 -0.23 --- -0.4  --- 
    % barren --- --- 0.19 --- --- ---  
    % forested --- 0.25 -0.2 --- ---  --- 
    % urban --- --- 0.17 --- ---  --- 
    % vegetated -0.26 0.36 0.24 --- 0.3  --- 
    % wetland --- --- --- --- --- 0.25 
Bedrock geology       
    % sand  0.26 --- 0.17 0.24 --- ---  
    % limestone --- --- -0.23 --- --- --- 
    % sandstone --- --- 0.24 --- ---  --- 
Physiography       
     Size 0.21 -0.41  ---  --- -0.46  --- 
     Stream-field connectivity 0.25 -0.23  ---  ---  ---  --- 
Soil structure       
     % excessively drained soils --- --- --- --- --- ---  
    % somewhat excessively drained soils --- --- 0.22 --- --- --- 
    % well drained soils --- --- -0.26 --- --- ---  
    % moderately well drained soils -0.18 --- --- -0.29 --- --- 
    % poorly drained soils  --- ---  0.23  --- ---  --- 
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3.6.4 Stepwise multiple linear regressions 
Soluble reactive P and NO3 did not pass lack of fit tests at any scale for the baseflow models. 
Ammonium passed the lack of fit test for the baseflow model, but only at the sub-watershed scale. The 
final model included forested land-use and well drained soils. For stormflow models, NH4 passed at the 
sub-watershed sale and SRP at the riparian corridor scale. The adjusted r-square value for the final NH4 
stormflow model was extremely low (Table 3.12). The final SRP stormflow model included limestone and 
well drained soils but no land-use percentages.  
Table 3.12 Top MLR models for long-term baseflow and stormflow data generated through stepwise 
model selection using BIC. All models and explanatory variables are significant (p<0.05). Ag=agricultural, 
For=forested, LS=limestone, WD=well drained, MWD=moderately well drained, SIZE=size of sub-
watershed or riparian corridor, CON=connectivity. 
 
 
AG FOR LS WD MWD SIZE CON 
Adjusted 
R-squared 
 Baseflow models 
 Sub-watershed scale 
NH4  --- -1.1E-04   --- -4.4E-05   --- --- --- 0.13 
 Stormflow models 
 Sub-watershed scale 
NH4  --- -3.7E-04   1.2E-04   --- -8.0E-04 --- -5.1E-04   0.05 
 Riparian corridor scale 
SRP  --- --- -2.0E-05 2.3E-05 --- --- --- 0.19 
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4. DISCUSSION 
4.1 Hydrological and seasonal impacts on nutrient concentrations during study period 
Hydrology affects stream N and P concentrations differently due to distinct surface water and 
groundwater transport pathways for these two nutrients. Phosphorus transport is generally more 
localized and limited to significant runoff events; therefore, rainfall is the primary driving force behind P 
transfer and much of annual P loading can occur during a few storm events (Shigaki et al., 2007). 
Phosphorus loss can also result from subsurface flow or overland flow in saturated areas during low 
intensity, high frequency rainfall (Mcdowell, 2004). Alternatively, DIN concentrations are higher during 
baseflow, which originates from bedrock water storage as well as drainage of near-surface valley soils 
and riparian zones (Brutsaert, 2005; Smakhtin, 2001). A large percentage of N inputs to fluvial 
ecosystems in agricultural watersheds comes from groundwater enriched by agricultural N (Schlesinger, 
2008). This diffuse transport pathway can mask potential relationships between small-scale landscape 
features and stream N concentrations.   
Samples were collected during extreme drought conditions when groundwater was the primary 
source of stream flow. These conditions are reflected in the range of nutrient concentrations found 
during the study period. Concentrations of SRP were slightly lower than historic values, NO3 
concentrations were slightly higher, and NH4 concentrations were within the range of historic median 
values (Golladay and Battle, 2002). Low P concentrations within the Ichawaynochaway watershed have 
been attributed to low stream drainage density, low topographic relief, sandy soils, and effective 
streamside forest buffers that attenuate surface runoff between upland agricultural operations and 
stream corridors (Golladay and Battle, 2002). Tesoriero et al. (2009) conducted a study exploring 
dominant pathways of nutrient inputs to streams, and suggested that NO3 concentrations are highest in 
streams with a high ratio of baseflow to overland flow due to the contribution of groundwater as a 
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source of N.  Groundwater NO3 concentrations have been documented to be high in the region 
(Entrekin, 1997); therefore, it is possible that the elevated NO3 concentrations found during the study 
period are due to a higher baseflow to overland flow ratio. 
During the study period, SRP and NO3 concentrations showed no significant variation among 
sampling months, whereas NH4, TN, TP, and TSS differed. Ammonium concentrations dropped during 
the months of October and November and rose again in January; TN and TP concentrations gradually 
rose with time, possibly indicating greater particulate concentrations of both N and P with increasing 
rainfall and stream flow; and TSS concentrations were highest in October for sites in the upper 
watershed whereas TSS concentrations in the lower watershed appeared to steadily increase during the 
sampling period. Previous studies have attributed monthly variation in NH4 and TN concentrations to 
seasonal changes related to the growing season. Lack of leaching during the growing season normally 
dominates N dynamics since biological processes such as vegetation uptake and denitrification in soil, 
streams and near-stream zones are more active during the growing season (Arheimer and Lidén, 2000). 
Seasonal variation in TP has been linked to season and land management. Heathwaite and Dils (2000) 
found that high mean TP concentrations were recorded in autumn storms following dry summer months 
and that the dissolved fraction dominated P loss during these months. The authors also suggest that the 
decline in TP loss observed during the winter months may reflect an exhaustion of readily mobilized P 
sources, since the particulate P fraction was more important during that period.  
4.2 Relationships among water quality variables 
The negative correlation between SRP and NO3 may reflect the contrasting sources of these two 
ions. Stormwater runoff from agricultural fields is a primary source of SRP to agricultural streams 
(Gburek et al., 2000; Mcdowell, 2004; Shigaki et al., 2007) whereas groundwater is often a dominant 
source of NO3 (Hubbard and Sheridan, 1989; Jordan et al., 1997; Tesoriero, et al., 2009).   Increased 
runoff during wet periods contributes SRP to the streams while diluting groundwater, resulting in lower 
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concentrations of NO3.  This relationship was observed in my study as well when long-term data were 
used to compare baseflow and stormflow conditions. 
The positive correlation between SRP and TP is expected since TP encompasses both soluble 
reactive and particulate P. The positive correlation between TN and NO3 could be due to a high 
proportion of DIN (NO3 and NH4) compared to DON or particulate N entering the waterways during the 
study period. Dissolved inorganic N accounted for about 73% of TN, whereas organic N accounted for 
only 27%. Buck et al. (2004) found this relationship to be highly seasonal in the agricultural catchments 
they studied. During the summer, only one third of TN was NO3 or NH4 compared to 80% and almost 
50% during May and October. The authors suggest that the majority of N entering waterways during the 
summer was either dissolved organic or particulate N. The concentrations of N found in this study 
display the opposite pattern: the proportion of inorganic N tended to be higher during the summer 
months (83%) and lowest during the month of January (44%), presumably due to a lower baseflow to 
overland flow ratio during that month and consequently higher inputs of particulate N from runoff. The 
positive correlations between TSS and TN and TSS and TP indicate sediment-driven processes and 
suggest that both soluble and particulate fractions of N and P are present in the Ichawaynochaway 
watershed during baseflow conditions. The correlation between TSS and TP also indicates the 
importance of sediment-bound transport of P. These results are consistent with other studies in which 
TSS and TP are positively correlated within agricultural catchments (Ekholm et al., 2000; Uusitalo et al., 
2000). A review of several studies in pasture catchments in New Zealand reported that the majority (62-
91%) of P exported into waterways was in particulate form (Gillingham and Thorrold, 2000).  
Different patterns among water quality variables emerged when the dataset was analyzed 
separately for the Fall Hill Lines (upper watershed) versus the Dougherty Plains (lower watershed). The 
difference in TP-TN relationships was particularly evident: TN and TP were negatively correlated in the 
upper watershed and positively correlated in the lower watershed. However, the overall range of TP 
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concentrations is small, ranging from 0 to 0.025 mg/L. While these differences in correlations may be 
caused by differences in nutrient pathways between the two watershed regions, there are also other 
spatial variations within each region that may be responsible for observed trends. 
4.3 Interrelationships among watershed characteristics 
Correlation results reveal a number of general relationships among watershed characteristics as 
well as a few that are particular to the study area. Since agricultural land-use is a form of human 
disturbance and the expansion of agricultural land has historically resulted in deforestation, the finding 
that they are negatively correlated can be expected. Vegetated land-use may be correlated with 
forested land-use due to deforestation. A closer look at the land-use maps of the watershed reveals 
patches of vegetated land within forested patches as well as on the edges between forests and 
agricultural fields. These may be areas where old growth forest has been removed and is either being 
slowly replaced or left unmanaged. The positive correlation found between sandy soils and forested 
land-use is likely particular to the study area and may confound land-use effects on nutrients since 
sandier soils facilitate nutrient leaching and underground water movement. This correlation may be 
related in part to topography, since agricultural fields are on higher ground which generally contains a 
higher percentage of clay. The correlation between excessively drained soils and poorly drained soils can 
be explained by looking at the spatial trends in soil drainage types, which show that both highly coarse 
and highly fine soils can be found in the Fall Line Hills region and not the Dougherty Plains region of the 
watershed. 
In contrast to previous studies in other regions, land-use and geology are not correlated. 
Geology can often be important in defining land-use patterns (Dow et al., 2006). For example, row crops 
will often be found on land most conducive to growing crops, which is in part a function of geology. The 
lack of correlation between geology and land-use in the Ichawaynochaway watershed is due to the 
ubiquitous nature of agricultural land-use resulting from economic forces leading to agricultural 
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expansion and intensification in southwestern Georgia. Additionally, agriculture is more directly 
dependent on soil type than geology and all parts of the watershed have soils that can support 
economically viable crops. 
The positive correlations between size and land-use (both forested and urban) could possibly be 
a result of larger sub-watersheds having a greater probability of encompassing more urban centers as 
well as undeveloped land.  
4.4 General land-use impacts on water quality 
Although analysis of the full dataset showed NO3 and TN to be positively correlated with 
forested and vegetated land-use at both scales, none of the water quality variables were found to be 
correlated with agricultural land-use at either scale. Analysis of the long-term dataset showed conflicting 
results: NO3 was positively correlated with agricultural land-use at the sub-watershed scale but 
negatively at the riparian corridor scale during both baseflow and stormflow conditions. Similar lack of 
significant agricultural influence has been reported in other regions as well (Arheimer & Lidén, 2000; 
Beck et al., 1985; Harped and Stewart, 1987). Several studies show differences in land-use effects on 
water chemistry in diverse catchments. Buck et al. (2004) showed that agricultural land-use affects 
water chemistry differently in the two agricultural catchments that were a part of their study. They 
speculate that erosion and sediment delivery might be more important in one of the catchments.  This 
study is largely limited to baseflow conditions where land-use influences are minimized, especially for P 
concentrations. Land-use impacts are expected to be stronger during storm events as a result of runoff 
(Bolstad and Swank, 1997; Tong and Chen, 2002).  
4.5 General impacts of scale on model predictability 
No one scale appears to best explain patterns for all water quality variables considered in this 
study. Analysis of the main dataset showed both TN and TP MLR models to be equally strong at the sub-
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watershed and riparian scales. Analysis of the long-term dataset showed that NH4 MLR models only 
passed the lack of fit test at the sub-watershed scale, whereas stormflow SRP only passed at the riparian 
scale. Other studies also show conflicting results on the best scale for modeling baseflow chemistry 
analytes. Some report watershed rather than riparian factors are most important (Gergel et al., 1999; 
Johnson et al., 1997; Osborne and Wiley, 1988) and others report the opposite (Gergel et al., 2002). Dow 
et al. (2006) found MLR models at riparian to better explain stream water quality conditions than those 
at the watershed scale. However, they suggest that since these models were not unique, it may be more 
effective to look at riparian functional attributes rather than watershed characteristics at the riparian 
scale. They suggest that contradictions in scale may also be related to different geologic and 
anthropogenic settings, legacy effects and other methodological considerations. 
4.6 Total and dissolved phosphorus 
Analysis of P fractions was largely limited due to baseflow conditions during the study period 
resulting in low TP concentrations and near-detection level concentrations of SRP. Nevertheless, these 
low level concentrations may be particularly representative of typical P concentrations in the 
Ichawaynochaway watershed. The long-term dataset which included samples from 12 baseflow and 10 
stormflow sampling events spanning from 2007 to 2012 did not include TP concentrations, but SRP 
concentrations were comparable to the main dataset, with median baseflow concentrations at 0.002 
mg/L and median stormflow concentrations at 0.004 mg/L. Other studies of the Ichawaynochaway 
watershed have reported similar median concentrations for SRP (Golladay and Battle, 2002). These low 
concentrations in a predominantly agricultural landscape may result from several factors related to P 
transport pathways, storage and retention. Because these previous studies did not analyze TP 
concentrations as well, little can be concluded about the dynamics of particulate P transport. Low SRP 
concentrations may be a result of sample collection timing. It is possible that dissolved P is entering 
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waterways only during significant storm events and rapidly binding to particulate matter. Higher SRP 
concentrations may only be detectable during peak stormflow conditions.  
Despite the consistently low concentrations of P measured under baseflow conditions in my 
study, agricultural land-use appeared to be positively correlated to both SRP and TP concentrations in 
the Fall Line Hills portion of the watershed. SRP was correlated at the sub-watershed scale and TP at the 
riparian corridor scale. The lack of correlation with agricultural land-use in the Dougherty Plains may 
point to differing nutrient pathways; however, stormflow TP data are required to better establish spatial 
patterns. 
Analysis of the long-term dataset indicated that stormflow SRP concentrations are more closely 
associated with landscape variables at the riparian scale as compared with the sub-watershed scale. This 
finding is consistent with that of Johnson et al. (1997) who found that TP and TSS were better explained 
by land-use within the riparian zone whereas NH4 and TDS were better explained by land-use within the 
sub-watershed. Identifying the source of SRP in waterways is challenging due to potential contributions 
from channel bank erosion, runoff from upstream areas, and groundwater (Withers and Jarvie, 2008). 
My study did not attempt to identify specific sources of nutrients. However, because watershed 
characteristics in the riparian corridor were significant predictors of stream SRP concentrations in the 
stormflow MLR model, sources likely are not limited to channel bank erosion. 
Soluble reactive P and TP were negatively correlated with coarse soils at the riparian scale in the 
upper watershed. These relationships reflect sediment-bound P pathways since SRP and TP are more 
likely to adsorb to finer soils and be transported through runoff. SRP and TP have a greater affinity for 
finer soils since these tend to contain more alumino-sillicates and iron and aluminum oxides and 
hydroxides that interact with the phosphate ion (Withers and Jarvie, 2008). My results are consistent 
with those of Arheimer and Lidén (2000) and Geier et al. (1994) who found that concentrations of SRP 
and TP were highly correlated to finer soils.  
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4.7 Total and dissolved nitrogen 
As hypothesized, baseflow concentrations of both NO3 and TN show stronger correlations with 
soils than with agricultural land-use. The long-term dataset indicates conflicting correlations: soils were 
not significantly correlated with NO3 at either scale and agriculture was positively correlated with NO3 at 
the sub-watershed scale and negatively correlated at the riparian scale for both baseflow and stormflow 
conditions.  
Nitrate and TN were both positively correlated with coarser, sandier soils (excessively and 
somewhat excessively drained soils) at the both the sub-watershed and riparian scale. This relationship 
may be due to the high mobility of NO3 in soils and groundwater. Since NO3 is the major N form in my 
study, TN behaves similarly to NO3 and is therefore similarly mobile. Arheimer and Lidén (2000) found 
both NO3 and NH4 concentrations to be correlated with sandy soils in the study watershed. Other 
studies have also found similar correlations between soil texture and N concentrations in arable lands of 
Sweden (Andersson 1986, Johnsson and Hoffman 1998).  
Both NO3 and TN were positively correlated with forested and vegetated land-use in the upper 
watershed. Analysis of the lower watershed indicated a positive correlation with agricultural land-use 
for both N fractions at the sub-watershed scale. Forested and vegetated areas generally act as sinks 
through processes of uptake, transformation and dilution (Jones et al., 2001; Peterjohn and Correll, 
1984; Weller et al., 1998). The correlations in the upper watershed could be explained by the 
interrelationship between land-use and soils. Forested and vegetated areas were highly correlated with 
sandy soils in the upper watershed. NRCS soils data were largely lacking in the lower portion of the 
watershed, which may explain why soils were not significantly correlated with NO3 in the Dougherty 
Plains.  
Nitrate and TN were not correlated with geology when the data for the entire watershed were 
analyzed. However, the differences in correlations for both stream N fractions in the upper vs. lower 
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portions of the watershed suggest differences in transport pathways. Nitrate may travel through 
fractures, disappearing streams, sinkholes, and other features of the karst topography in the lower 
watershed, whereas groundwater flow to streams is much lower in the upper watershed where the 
geologic formations have lower hydraulic conductivity (Steve Golladay, personal communication, 
February 2013). Stream-field connectivity was also positively correlated with NO3 in the lower 
watershed, a finding consistent with the greater prevalence of these features in the Dougherty Plains. 
Ammonium showed very few correlations with watershed characteristics at either scale. When the 
dataset was divided into the upper and lower portions of the watershed, correlations disappeared 
completely. Neither MLR models for baseflow NH4 concentrations passed the lack of fit test. Analysis of 
the long-term dataset indicated that the MLR model for NH4 concentrations was stronger for baseflow 
conditions than during stormflow. This is probably because NH4 concentrations become diluted during 
stormflow. However, both are relatively weak models and their predictive power is poor, suggesting 
little influence of watershed characteristics on NH4 concentrations. These concentrations may be more 
influenced by in-stream biological and chemical processes than by land-use, geology, soils and 
physiography. Opsahl et al. (2003) showed that NH4 concentrations in the Flint River increased near 
Albany, Georgia, due to urban wastewater effluent, and then decreased considerably by the time the 
water reached the confluence with the Ichawaynochaway Creek near Newton (60km). They attributed 
this decline to removal by biological processes and dilution by groundwater. Ammonium levels are also 
affected by nitrification (oxidation of NH4 to NO3), which can occur within the stream itself. Mobilization 
of NH4 into groundwater is controlled by dynamics of microbially accessible C and N. This is also true in 
the aquatic environment; therefore, in-stream processes could be controlling NH4. During periods of 
increased microbial respiration, microbially accessible C substrates decline and the nitrification rate 
increases (Benes et al., 1989). Additionally, NH4 is a preferred N source for algae and aquatic plants.  
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4.8 Limitations 
The main limitations for this study were the small number of sampling events, the lack of 
stormflow data for TN, TP and TSS, and the relatively short sampling window. The small number of 
sampling events makes the dataset less robust and more susceptible to statistical error. Since drought 
conditions prevailed during the sampling period (July 2012 to January 2013), stormflow data were not 
collected, and baseflow vs. stormflow comparisons could only be made using a long-term Jones Center 
dataset for SRP, NH4 and NO3. The long-term data were collected using distinct methods and could not 
be combined with data from the current study.  
Despite these general limitations, the current study was able to identify correlations between 
nutrient concentrations and watershed characteristics, make conclusions about scale effects, develop 
statistically significant watershed models for baseflow concentrations, and make general predictions of 
nutrient responses to stormflow conditions based on MLR models. 
Although the current study took scale into account by analyzing the effect of watershed 
characteristics at the sub-watershed and riparian scales, it did not consider the influence of stream size 
or stream order. Researchers have found stream size to affect land-use - water quality relationships. 
Gburek and Folmar (1999) and Buck et al. (2004) found local land-use to be more important in small 
streams and catchment land-use to be more important in larger streams. Future studies could further 
investigate the effect of stream size on land-use effects in the Ichawaynochaway watershed. 
The relatively short (six month) sampling period also made it difficult to analyze any seasonal 
patterns in nutrient concentrations that may be linked to general climatic conditions, growing season, 
plant uptake, or fertilizer application. For example, Allan and Johnson (1997) found that N 
concentrations were more closely associated with agricultural land-use during the summer and with 
geology during the fall. It was not possible to explore such seasonal dynamics with the data available for 
this study. 
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The current study also did not account for seasonality in variables such as soil moisture, air 
temperature, precipitation, and antecedent runoff that can magnify or dampen the effect of land-use on 
nutrient concentrations, especially under stormflow conditions. Arheimer and Lidén (2000) showed 
inorganic N in the stream to be positively correlated with soil moisture and negatively correlated with 
air temperature in the watershed. They showed SRP to be positively correlated with recent runoff 
(within the last few days) and negatively correlated with antecedent runoff (runoff preceding the most 
rainfall), since a large proportion of P is removed from topsoil after a major storm event. Future studies 
could consider the effects of these variables on nutrient concentrations as well as their effect on land-
use – nutrient relationships. 
The current study only used basic remote sensing techniques such as reclassification of land-use 
land cover (LULC) data, although other methods are available to more precisely analyze landscape 
patterns. Studies within the field of landscape ecology have gone beyond the relatively simple analysis 
of land-use patterns and developed landscape ecology metrics such as forest fragmentation indices, 
wetland loss, patch shape, isolation, interspersion, juxtaposition for use in water quality studies 
(Hunsaker and Levine, 1995; O'Neill et al., 1997). Others have also promoted remote sensing 
applications such as seasonal NDVI (normalized difference vegetation index) to explore more complex 
relationships among land-use and water quality variables. For example, some researchers prefer NDVI to 
LULC (land-use land cover) because NDVI can capture temporal changes such as crop condition and 
potential yield whereas LULC is static (Griffith et al., 2000; Griffith et al., 2002). Although these methods 
are available, reclassified LULC data can still provide useful information on general land-use impacts 
whereas complex metrics and indices may be difficult to interpret or apply to management solutions, 
even if they improve statistical significance within water quality models. 
The current study did not consider fertilizer usage due to the availability of such data. Fertilizer 
usage may be a stronger predictor of stream nutrient concentrations than agricultural land-use. 
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Mattikali and Richards (1996) found that in the analysis of the separate effects of land-use and fertilizer 
usage, nitrogen loading increased primarily because of the increase in fertilizer usage, but the detailed 
variation from year to year reﬂected the change in land-use to arable land. Availability of these data may 
allow for additional conclusions to be made relating agricultural practices to nutrient concentrations in 
the streams of the Ichawaynochaway watershed. 
4.9 Recommendations 
Future studies should collect measurements of both dissolved and total nutrient concentrations 
during a longer sampling period and under a variety of hydrologic conditions. Ideally, water samples 
would be collected at a variety of sites across the watershed using automatic samplers in order to 
capture nutrient dynamics during a given storm event. These would collect samples during the rising and 
falling limbs as well as during peak flow. This would allow comparisons to be made among sites for 
samples collected at the same point on the storm hydrograph. Future researchers could also collect 
storm event water samples from drainage features that run through agricultural fields. Knowledge of 
nutrient concentrations in drainage features would lend to a clearer understanding of the relative 
importance of nutrient input from agricultural surface runoff. 
Further research could also shed light on the landscape and in-stream factors accounting for the 
low stream P concentrations in this heavily agricultural watershed.  
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5. CONCLUSIONS 
The study had hypothesized the following for total and dissolved nitrogen: 
a) Geology and soil type are better predictors than land-use.  
Geology type was not correlated with either dissolved or total N, however differences in trends 
were noted when the watershed was delineated into the upper and lower portion based on geology 
(sand and sandstone in the Fall Line Hills, limestone in the Dougherty Plain). Soil type was correlated 
with NO3 in the upper watershed, whereas agricultural land-use was correlated with NO3 in the lower 
watershed. Sub-watershed scale soil type and connectivity were the most important predictors of TN 
baseflow concentrations. 
b) Dissolved N, and NO3 in particular, is more closely correlated to geology and soil type than TN. 
This study found the opposite to be true. Nitrate was not correlated with geology at any scale. Nitrate 
was correlated with several soil types at both the sub-watershed and riparian scale. In the upper portion 
of the watershed, these trends were even more pronounced and NO3 was strongly correlated with 
coarse sand soils. These results suggest differences in nutrient pathways for dissolved N in the upper vs. 
lower portion of the watershed. In the lower watershed where karst features are prominent in the 
limestone bedrock, fractures may play a greater role in providing underground pathways for NO3 input 
to streams. In the upper watershed, sandy soils play a larger role in draining NO3 from the land via 
shallow sub-surface pathways.   
 c) N is more closely correlated to geology and soil type in base flow samples. The baseflow vs. 
stormflow comparison of long-term data indicated that NO3 concentrations were not significantly 
correlated with geology or soil type under either hydrologic condition. Ammonium concentrations were 
correlated with geology and soil type at both the sub-watershed and riparian scale under baseflow 
conditions and not under stormflow conditions. Soil type was also a significant predictor of baseflow TN 
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concentrations. Since TN concentrations were not measured in stormflow samples, it is unclear whether 
soil type would remain a significant predictor under stormflow conditions. 
The study had hypothesized the following for total and dissolved phosphorus:  
a) Land-use is a better predictor of P than geology.  
SRP concentrations were extremely low during the study period, regardless of landscape features.  
Any potential differences among sample sites could not be discerned due to method detection limits. 
Both MLR models for TP included forested land-use and sub-watershed/riparian corridor size, but not 
geology, as predictors in the model. MLR analysis of long-term data showed that riparian scale geology 
and soil type were significant predictors of SRP concentrations under stormflow conditions. Long-term 
data only included dissolved nutrients; therefore nothing can be concluded regarding stormflow level TP 
concentrations and the relative impact of land-use and geology. 
b) TP is more closely correlated to land-use than SRP. The results indicate that neither TP nor SRP 
concentrations are closely related to land-use. However, the study was limited due to dry conditions and 
therefore the lack of land-use influence could be due to baseflow conditions that allow minimal 
interaction between uplands and the stream. 
c) Land-use in the riparian corridor is more important than land-use in the sub-watershed. There 
appeared to be no difference in scale for TP baseflow models. The long-term analysis resulted in a 
significant SRP stormflow model only at the riparian scale. 
d) Models including a measure of stream-field connectivity result in stronger predictions of P 
concentrations. The study does not support this hypothesis since stream-field connectivity was not 
correlated with SRP or TP and was not included in MLR models of baseflow and stormflow level P 
concentrations. Presence of local drainage features may be more influential than overall connectivity. 
There may also be a need for a better metric to measure connectivity between streams and fields. The 
lack of significance may be due to limited data on stormflow level P concentrations. 
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Monthly sampling of both dissolved and total nutrient concentrations in the Ichawaynochaway 
watershed can provide important information about water quality as it varies across the landscape. 
Future studies would benefit from more intensive and detailed sampling that covers a longer time 
period and includes stormflow data collection of both stream samples and runoff samples from 
ephemeral streams and ditches. The data from this study helps set a baseline for future water quality 
monitoring. Research on nutrient status and land-use impacts is essential for the formulation of water 
quality conservation and management policies. 
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APPENDICES 
Appendix A Data Collection Sheets 
Appendix A.1 Field data collection sheet 
Date:     Time:    Person recording data: 
Comments:  
 
Database # 
 
Site 
 
Time of 
sampling 
 
Flow (Y/yes, 
N/no, D/dry, 
UK/unknown) 
 
Rain (N/no, 
L/light, 
M/moderate, 
H/heavy) 
 
Comments 
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Appendix A.2 Filtered ion data collection forms 
Date:     Time:    Person recording data: 
Comments:  
IC STANDARDS 
 
Phosphate  Nitrate  Ammonium  
calculated measured calculated measured calculated measured 
C1 V1 C2 V2 C1 V1 C2 V2 C1 V1 C2 V2 C1 V1 C2 V2 C1 V1 C2 V2 C1 V1 C2 V2 
Stock 
 
    
                    
Level 
1 
    
                    
Level 
2 
    
                    
Level 
3 
    
                    
Level 
4 
    
                    
Level 
5 
    
                    
Level 
6 
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SPECTROPHOTOMETER STANDARDS 
 
Phosphate  
calculated measured 
C1 V1 C2 V2 C1 V1 C2 V2 
Stock 
 
    
    
 
Level 1 
    
    
 
Level 2 
    
    
 
Level 3 
    
    
 
Level 4 
    
    
 
Level 5 
    
    
 
Level 6 
    
    
 
ION DATA (IC AND SPECTROPHOTOMETER) 
 IC Spectrophotometer 
 
Data
base 
# Site 
Phosphate  Nitrate  Ammonium  Phosphate  
1 2 Avg 1 2 Avg 1 2 Avg 1 2 Avg 
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Appendix A.3 TN data collection sheet 
Date:     Time:    Person recording data: 
Comments:  
STANDARDS 
 
Nitrate  
calculated measured 
C1 V1 C2 V2 C1 V1 C2 V2 
Stock 
    
    
 
Level 1 
    
    
 
Level 2 
    
    
 
Level 3 
    
    
 
Level 4 
    
    
 
Level 5 
    
    
 
Level 6 
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Database 
# Site 
TN 
1 2 Avg 
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Appendix A.4 TP data collection sheet 
Date:     Time:    Person recording data: 
Comments:  
STANDARDS 
 
Phosphate  
calculated measured 
C1 V1 C2 V2 C1 V1 C2 V2 
Stock 
    
    
 
Level 1 
    
    
 
Level 2 
    
    
 
Level 3 
    
    
 
Level 4 
    
    
 
Level 5 
    
    
 
Level 6 
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Database 
# Site 
TP 
1 2 Avg 
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Appendix A.5 TSS data collection sheet 
Date:     Time:    Person recording data: 
Comments:  
 
Data
base
# 
 
Site 
 
Age of 
sample 
 
Sample volume 
(ml) (C) 
 
Weight of 
filter+dried 
residue (A) 
 
Weight of filter 
(B) 
 
TSS (mg/L) 
 
 
Comments 
  
Take 1 
 
Take 2 
 
Take 1 
 
Take 2 
 
Take 1 
 
Take 2 
 
Take 1 
 
Take 2 
 
Average 
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Appendix B Standard Methods 
Appendix B.1 Standard methods 4500-P E. Ascorbic Acid Method. 
Apparatus:  
 
 Colorimetric equipment (spectrophotometer with infrared phototube providing a light path of 
2.5cm or longer 
 Acid-washed glassware 
 Reagents: 
o Sulfuric acid (5N): dilute 70ml conc H2SO4 to 500ml with distilled water in volumetric 
flask 
o Antimony potassium tartrate solution: dissolve 1.3715g dried chemical in 400ml distilled 
water in a 500ml volumetric flask and dilute to volume. Store in a glass-stoppered bottle 
o Ammonium molybdate solution: dissolve 20g dried chemical in 500ml distilled water. 
Store in a glass-stoppered bottle. 
o Ascorbic acid: dissolve 1.76g (or 3.52g) ascorbic acid in 100ml (or 200ml) distilled water. 
The solution is stable for about 1 week at 4C. 
o Combined reagent (100ml): let reagents reach room temperature. Add the reagents in 
the following order while mixing continuously. The reagent is stable for 4h. 
 50ml sulfuric acid 
 5ml APT 
 15ml AM 
 30ml ascorbic acid 
Procedure: 
 
1) Prepare test tube rack with blanks, standards and samples. Add 20ml to each tube. 
2) Add 3.2ml of combined reagent to both blanks then to each test tube waiting 45 seconds 
between each one. 
3) After 10 mins, read at 880nm wavelength on the spec using large cuvettes. 
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Appendix B.2 Methods for TP microwave digestion. 
 
 Make the Persulfate 
o Gather: 
 Sodium Hydroxide 
 Potassium Peroxyldisulfate 
 Heating mixing plate 
  500 mL volumetric flask halfway with UP water 
 Large funnel 
 Mixing rod 
 2 scoopers 
 2 weighing boats 
 Bottle of UP water 
o Fill the volumetric flask halfway with UP water. 
o Under the hood: 
 Using one of the boats, scoopers, measure 4.76 g of Sodium Hydroxide and put 
in flask. 
 Add the mixing rod to the flask and place the flask on the heating mixing plate. 
 Turn the heat to low and mixer to 3-4 to let the Sodium Hydroxide dissolve. 
 Using one of the boats, scoopers, measure 25 g of the Potassium 
Peroxyldisulfate and add to the flask. 
 Fill the flask to the volume with UP water and let dissolve. 
 Once the chemicals have dissolved, remove the mixing rod, and fill to volume. 
 Keep the Persulfate on the hot plate, if it cools it will crystallize. 
 Sample Preparation 
o Get a carousel, 12 digestion vials, 12 tops, 12 bottoms, and 12 valve tops. 
o Check the valve tops to make sure they each have a rupture membrane.   
 If the valve top does not have a rupture membrane, insert on. 
o Pour 30 mL of standard or sample into the digestion vials. 
o Record the standard or sample and the digestion vial number. 
o Pour and amount of Persulfate you will need for the carousel into a beaker. 
o Pipette 15 mL of Persulfate into each of the digestion vials. 
o Start assembling the digestion vials w/ valve top, top, and bottom. 
 Note:  
 The first digestion vial has a different valve top, where the pressure line 
is attached. 
 Make sure all vial tops are in order from 1-12. 
 Microwave Digestion 
o Turn on the microwave. 
o Open the microwave door and take the carousel holder out. 
o Attach the carousel holder to the bottom of the carousel, make sure that it clicks all the 
way on. 
o Attach the transparent valve with the orange screw to the end of the pressure sensing 
line. 
o Open the orange screw. 
o Turn the black valve on the side of the microwave to the open horizontal position. 
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o Squeeze the syringe and let the water squirt out od the transparent valve. 
o Turn the black valve on the side of the microwave to the closed vertical position. 
o Attach the transparent valve to the side of the valve top for vial #1. 
 Note:  vial #1 is the only digestion vial with a side valve. 
o Anchor the pressure sensing line to the center with the center clasp and arrange the line 
in the middle of the carousel as best as possible. 
o Check to make sure the orange screw is open. 
o Close the microwave door. 
o Step through the screens on the microwave 
 Disable temperature 
 F3 Recall Method 
 F1 Recall Stored 
 ENTER NPDIGEST 
 F1 Load Program 
 F4 Start 
 F1 Yes 
 Disable temperature 
 Start 
 After the Digestion  
o Once the carousel has started running, start loading the second carousel. 
o Label bottles for digested samples. 
o Make an ice bath for the digestion vials. 
o When the microwave is finished, it will beep. 
 If you don’t hear it beep, you can look and the time will be 5:00 on the left side 
and 0:00 minutes on the right side. 
o Press F1 to make the carousel stop spinning. 
o Open the microwave door. 
o Close the orange screw in the transparent valve. This is to prevent spraying of steam. 
o Unclasp the pressure sensing line from the middle clasp. 
o Unscrew the end of the pressure line from the transparent valve so that when you take 
the carousel out the transparent valve comes out also. 
o Set the carousel down and transfer the vials [without the sleeves] to the ice bath. 
o Once the samples have cooled [~10 minutes], transfer them to prelabeled bottles. 
o Run standard curve, samples, blanks, check standards and duplicates on 
spectrophotometer. 
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Appendix B.3 Standard methods 2540D. TSS dried at 103-105C. 
Principle: a well-mixed sample is filtered through a weighed standard glass-fiber filter and the residue 
retained on the filter is dried to a constant weight at 103 to 105C. The increase in weight of the filter 
represents the total suspended solids. 
 
Apparatus: 
 
 aluminum weighing dishes 
 desiccator with indicator 
 drying oven for operation at 103-105C 
 analytical balance, capable of weighing to 0.1mg 
 magnetic stirrer with TFE stirring bar 
 wide-bore pipets 
 graduated cylinder 
 low-form beaker 
 glass-fiber filter disks without organic binder 
 filtration apparatus 
 suction flask of sufficient capacity for sample size selected 
 
Procedure: 
 
1) Preparation of glass-fiber filter disk (only if pre-prepared glass fiber filter disks are not used) - 
wash disk 3 times with reagent-grade water, dry, cool, desiccate, weigh. 
2) Selection of filter and sample sizes: sample volume should yield between 2.5 to 200mg dried 
residue. 
3) Sample analysis: Stir sample with a magnetic stirrer. While stirring, pipet a measured volume 
onto the seated glass-fiber filter. Wash filter with three successive 10ml volumes of reagent-
grade water. Carefully remove filter from filtration apparatus and transfer to aluminum 
weighing dish. Dry for at least 1h at 103-105C in an oven, cool in a desiccator to balance 
temperature, and weigh. Repeat cycle of drying, cooling, desiccating, and weighing until a 
constant weight is obtained. Analyze at least 10% of all samples in duplicate. Duplicate 
determinations should agree within 5% of their average weight.   
 
Calculation: 
 
 mg total suspended solids/L=[(A-B)x1000]/sample volume, ml where A=weight of filter+dried 
residue, mg, and B=weight of filter, mg 
 
 
 
